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A separa te ly  loca ted  s imulat ion checkout and t r a i n i n g  system enabled f l i g h t  c o n t r o l l e r s  in 
t h e  Mission Control  Center and f l i g h t  crews i n  spacecraf t  s imula tors  a t  t h e  Manned Spacecraf t  
Center and the  Kennedy Space Center t o  rehearse  a p a r t i c u l a r  procedure o r  even a complete mis- 
sion.  
Manned Space F l i g h t  Network. 

The system even simulated voice and d a t a  recept ion  from t h e  far-f lung s t a t i o n s  of the  

7.1.2 Emergency Power Building and Backup F a c i l i t y  

The Mission Control Center was supported by an emergency power bui ld ing  which housed gen- 
e r a t o r s  and a i r  condi t ioning equipment, and was backed up by a secondary Mission Control  Center 
a t  t h e  Goddard Space P l i g h t  Center.  

7.1.2.1 Emergency power system.- E l e c t r i c a l  power is d i s t r i b u t e d  t o  t h e  Mission Control  
Center and wi th in  t h e  emergency power bui ld ing  by e i t h e r  a "category-A" o r  "category-B" d i s t r i -  
but ion system ( f i g .  7-3). Category-A power is defined as t h e  u n i n t e r r u p t i b l e  power suppl ied t o  
a l l  c r i t i c a l  loads  i n  t h e  Mission Control  Center.  
bu i ld ing  f o r  two s e p a r a t e  e l e c t r i c a l  buses which are e l e c t r i c a l l y  i s o l a t e d  from t h e  commercial 
power system and from each o ther .  Category-B power is defined as i n t e r r u p t i b l e  power suppl ied 
t o  a l l  l o a d s  o t h e r  than t h e  category-A power loads i n  the  Mission Control  Center.  Under normal 
opera t ing  condi t ions.  the  category-B power is suppl ied by c o m e r c i a l  power; however, when a com- 
mercial  power f a i l u r e  occurs.  the  category-B power is generated i n  the  emergency power bui ld ing  
by two d i e s e l  genera tors  which s t a r t  picking up the  load within 25 seconds a f t e r  the  c o m e r c i a l  
power f a i l u r e .  
of operat ing i n  any one of t h r e e  d i f f e r e n t  modes. 

The power is generated i n  the  emergency power 

Depending upon condi t ions ,  t h e  category-A power generat ing s y s t e n  is capable 

a. Mode 1. During normal opera t ion  in which t h e  commercial power system is i n t a c t ,  cate-  
gory-A power is obtained from a 350-kilowatt e l e c t r i c  motor-generator and a 350-kilowatt d i e s e l  
generator  opera t ing  in p a r a l l e l  with each o ther .  The d i e s e l  generator  and motor-generator each 
supply approximately one-half of t h e  load t o  t h e  appropr ia te  A bus. 
of assuming t h e  f u l l  load upon f a i l u r e  of the  o ther .  
a s  the  standby o r  "swing" generator  and is capable of being s u b s t i t u t e d  f o r  any of of the  cate-  
gory-A power genera tors .  

E i t h e r  generator  is capable  
A t h i r d  350-kilowatt d i e s e l  generator  a c t s  

b.  Mode 2. During per iods  in which the  commercial power system supply has  been i n t e r r u p t e d  
o r  has  f a i l e d ,  both e l e c t r i c  motor-generators cease t o  opera te  and the  d i e s e l  genera tors  tempo- 
r a r i l y  assume t h e  f u l l  load f o r  the  category-A power system. 
system genera tors  have s t a r t e d .  the  category-A power system e l e c t r i c  motor-generators a r e  manu- 
a l l y  r e s t a r t e d  and are o p e r a t i o n a l l y  powered by the  category-B power genera tors .  

As soon as the  category-B power 

c. Mode 3. 
v i c e ,  the  respec t ive  category-A system e l e c t r i c  mtor -genera tor  that was rece iv ing  power from 
t h e  bus ceases  t o  opera te .  
e r a t i n g  d i e s e l  generator  t o  provide u n i n t e r r u p t i b l e  power t o  t h e  A bus. 
e r a t e s  normally wi th  the  electric motor-generator opera t ing  i n  p a r a l l e l  with the  d i e s e l  gener- 
a t o r .  

During per iods in which one of t h e  category-B buses has  been removed from ser- 

The standby d i e s e l  generator  then opera tes  i n  p a r a l l e l  with the  op- 
The remaining A bus op- 

Depending upon condi t ions ,  t h e  category-E power generat ing system is a l s o  capable of opera- 
t i n g  in any one of  t h r e e  modes. 

a. Mode 1. During normal opera t ion  in which t h e  commercial power system is i n t a c t ,  each 
of t h e  B buses  rece ives  power from the commercial power system through step-down transformers  
located on a s u b s t a t i o n  pad ad jacent  t o  t h e  emergency power bui lding.  

b. Mode 2 .  During per iods  when the c o m w r c i d  power system supply has been i n t e r r u p t e d  
o r  has f a i l e d ,  the B buses are t i e d  toge ther  through bus- t ie  c i r c u i t  b reakers  and the  e n t i r e  
c a t e g o r y d  system load is suppl ied from two 1360-kilowatt d i e s e l  generators .  Each generator  is 
capable of au tomat ica l ly  s t a r t i n g  and synchronizing wi th  t h e  o t h e r  generator ,  and, a s  previously 
mentioned, can begin t o  supply system power t o  t h e  B buses within 25 seconds. 
kilowatt d i e s e l  generator  is provided as a standby u n i t  capable  of being s u b s t i t u t e d  f o r  any one 
of  the 1360-kilowatt generators .  

A t h i r d  1360- 

. 
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Figure 7-3.- Mission Control Center power system. 
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C. Mode 3. During periods when one of the substation pad transformers becomes inoperative 
because of failure or a maintenance requirement, category-B buses may be tied together and power 
supplied from the remaining transformer and one diesel generator operating in parallel. 
of the B buses is out of service, the loads on that bus may be manually transferred to the other 
B bus and the entire category-B power load supplied from the remaining operational transformer 
and one diesel generator operating in parallel. 

If one 

7.1.2.2 Emergency lighting system.- A battery-operated emergency lighting system in the 

Should a power failure occur, the emergency lighting system will automatically 
emergency power building is also provided for the safety of personnel in the event of a total 
power failure. 
switch on and supply power to light fixtures strategically located in each area and in the cor- 
ridors. 

7.1.2.3 Emergency cooling system.- The emergency air conditioning equipment for the Mission 
Control Center consists of two 700-ton water chillers, a 70-horsepower heating boiler, circula- 
ting pumps, heat exchangers, automatic controls, and accessories. A cooling tower, erected ad- 
jacent to the emergency power building, provides condensing water to the chillers and jacket 
cooling water to the diesel engine power generators. 

7.1.2.4 Secondary Mission Control Center.- If an unforeseeable failure had prevented the 
Control Center from continuing its support of a flight, an emergency facility at the Goddard 
Space Flight Center in Greenbelt, Maryland, could have been activated. 
a stripped-don version of the one in Houston, ,incorporating just enough equipment to let the 
controllers support the flight to its conclusion. 

The emergency center was 

7.1.3 Mission Control Functions 

7.1.3.1 Unmanned flights.- Unmanned test flights for design verification of critical flight 
equipment were relatively short, and only specific flight conditions had to be satisfied. Be- 
cause execution of these flights was controlled mainly by the onboard guidance and navigation 
system, the mission control function was limited. A real-time interface, however, did exist with 
the Mission Control Center through the connnunicationa system, which provided up-link transmission, 
telemetry, and tracking capability. Thus, the flight control team had the capability to adjust 
flight events and control systems operation to ensure that system evaluation requirements were 
met. This control was used during the Apollo 6 mission when the S-IVB stage of the launch ve- 
hicle failed to restart, as planned, after achieving earth orbit. Through up-link commands, the 
flight control team commanded ignition of the service propulsion system to achieve an alternate 
trajectory that satisfied the mission objective. 

7.1.3.2 Manned flights.- With the first manned flight (Apollo 7), mission complexity and 
duration increased. Likewise, the scope of mission control operations was expanded, and execu- 
tion of additional and more complex duties demanded greater preparation and training of the 
flight control team. The value of this comprehensive preparation was demonstrated when develop- 
ment of contingency plans was necessitated by the Apollo 13 cryogenic oxygen tank failure. As 
the program progressed, each flight presented new objectives which required additional ground 
support capability. Objectives such as translunar injection and high-speed entry on Apollo 8, 
dual spacecraft operations and actual rendezvous on Apollo 9, lunar-orbit insertion and trans- 
earth injection on Apollo 10 and, finally, the actual lunar landing on Apollo 11 all required 
specialized support. 
capabilities, monitoring techniques, operating procedures for normal and contingency events, and 
new system operational criteria. 
major lunar landing mission events had been accomplished; however, modifications were made to 
improve the execution techniques or to provide increased capability. 
of the Apollo 11 lunar landing was degraded by a position navigation error. 
such degradation, a technique was developed to bias the Apollo 12 landing target point during 
the descent maneuver by a differential distance equivalent to the position error. 
d o n  control team observed the error from radar tracking, the required bias was provided to the 
crew by voice transmission. 

Also required with each additional activity were new data computation 

With the successful completion of the Apollo 11 mission, all 

For example, the accuracy 
To compensate for 

When the mis- 
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7.1.3.3 
s ion  cont ro l  team f o r  dual-vehicle operation. 
duced on the  Gemini program when two spacecraf t  f i r s t  accomplished rendezvous. the  Apollo oper- 
a t i o n  was  unique because the  configurat ion of the two spacecraf t  w a s  v a s t l y  d i f f e r e n t :  each was 
designed f o r  a spec ia l  function. The vehic le  d i f fe rences  required addi t iona l  f l i g h t  c o n t r o l l e r  
pos i t ions  and m d i f i c a t i o n  of o ther  pos i t ions  in the  Mission Control Center t o  acconrmodate da ta  
display and t o  allow separate  system evaluat ion and support f o r  each spacecraf t .  The increased 
l e v e l  of a c t i v i t y  and the l i m i t a t i o n s  in the  ground data-processing equipment required a cooper- 
a t i v e  operat ing d i s c i p l i n e  within the Mission Control Center f o r  the  support of two a c t i v e  ve- 
h ic les .  Special  procedures were adopted t o  maintain coordination between responsible  s t a t i o n s  
f o r  such operat ions a s  up-link transmissions t o  each spacecraf t ,  high-speed da ta  format se lec t ion ,  
and non-real-time d a t a  r e t r i e v a l .  
ascent ,  the  number of ava i lab le  t e l e v i s i o n  d isp lays  was decreased t o  reduce the  vorkload on the  
real-time computer complex. 
d i s t r i b u t i o n  of mandatory monitoring data .  
a t i o n a l  d iv is ions  t o  manage the  high a c t i v i t y  of dual-vehicle support. 
a r a t e  f l i g h t  d i r e c t o r  and spacecraf t  couununicator supporting an individual  spacecraf t .  

Dual-vehicle operation.- Several new operat ional  changes yere required of the mis- 
Although dual-vehicle operat ion had been in t ro-  

Throughout the  c r i t i c a l  phases of lunar  module descent and 

The  remaining number was  a l loca ted  by console pos i t ion  t o  ensure 
M s s i o n  cont ro l  w a s  e s s e n t i a l l y  s p l i t  i n t o  two oper- 

Each d iv is ion  had a sep- 

7.1.3.4 
operation in the  lunar  environment. Because the  spacecraf t  were operat ing a t  much g r e a t e r  dis-  
tances from e a r t h ,  emphasis w a s  placed on maintaining the mission abort  and re turn  capabi l i ty .  
Also, spacecraf t  systems management and evaluat ion became more c r i t i c a l .  Before executing each 
major lunar  mission event, the  systems s t a t u s  was v e r i f i e d  t o  s a t i s f y  required minimum capabil- 
i t y .  For example, the serv ice  propulsion system cont ro l  i n t e g r i t y  w a s  in quest ion before t h e  
Apollo 1 6  lunar  o r b i t  c i r c u l a r i z a t i o n  maneuver ( r e f .  7-1). Consequently, a delay of the lunar  
landing w a s  necessary t o  understand the malfunction f u l l y  and t o  ascer ta in  the  remaining capa- 
b i l i t y ,  even though the  landing condi t ions and subsequent surface a c t i v i t i e s  would be a f fec ted .  

Precis ion t r a j e c t o r y  management was required t o  achieve the  desired condi t ions f o r  a l l  lunar  

Lunar operation.- Another change in mission cont ro l  f o r  the  Apollo program was the 

landings. 
a t ions  introduced e r r o r s  in predicted t r a j e c t o r i e s .  
j u s t i n g  the  planned spacecraf t  a c t i v i t i e s  so t h a t  a t t i t u d e  maneuvers during the c r i t i c a l  t racking 
i n t e r v a l s  were avoided. 
iga t ion  b ias ing  techniques compensated f o r  the  g r a v i t a t i o n a l  e f f e c t s .  
accomplished, more knowledge w a s  gained t o  provide grea te r  confidence i n  maintaining predicted 
lunar  mission t r a j e c t o r i e s .  

The e f f e c t s  of spacecraf t  a t t i t u d e  t h r u s t e r  f i r i n g s  and the  lunar  g r a v i t a t i o n a l  var i -  
The t h r u s t e r  e f f e c t s  were minimized by ad- 

The development of  improved lunar  g r a v i t a t i o n a l  p o t e n t i a l  models and nav- 
A s  each lunar  mission w a s  

The initial lunar  landing, Apollo 11, i n i t i a t e d  st i l l  another expansion t o  mission control  
In  previous f l i g h t s ,  the  mission cont ro l  ob jec t ive  had been t o  v e r i f y  the  equipment operations. 

and techniques required t o  place man on t h e  moon. 
operat ional  ob jec t ive  w a s  expanded t o  include the s c i e n t i f i c  explorat ion of the  lunar  surface.  
To achieve the  lunar  surface extravehicular  a c t i v i t y  objec t ives ,  mission cont ro l  served a s  the  
i n t e r f a c e  between the  f l i g h t  crew and the ground-based s c i e n t i f i c  inves t iga tors .  
mission cont ro l  assumed r e s p o n s i b i l i t y  f o r  the real-time management of experiment deployment, 
t raverse  planning, sample co l lec t ion ,  surface photography, and experiment d a t a  r e t r i e v a l .  Addi- 
t i o n a l  operat ional  support was provided t o  monitor and evaluate  the  s t a t u s  and performance of 
surface equipment such a s  the  extravehicular  mobil i ty  uni t  and the lunar  roving vehicle .  This 
capabi l i ty  a l s o  provided general crew ass i s tance  in manipulating the  lunar  roving vehic le  tele- 
v is ion  camera and in recording such data  as sample container  numbers, f i lm magazine codes, and 
crew observat ional  coments .  
experiments package c e n t r a l  s t a t i o n  and associated experiments was unique f o r  mission control  be- 
cause of t h i s  a c t i v i t y  extended beyond the end of the  mission. Between missions, a small segment 
of the mission cont ro l  team continued a c t i v e  support of t h e  Apollo lunar  surface experiments from 
previous missions by c o l l e c t i n g  and d i s t r i b u t i n g  instrument observation data .  
l i n k  comands were sen t  t o  manage some of t h e  instrument packages on the  lunar  surface.  
ning with the Apollo 15 mission, science support was  again expanded t o  include operat ions of 
lunar  o r b i t a l  experiments. A spec ia l  mission cont ro l  function was es tab l i shed  t o  manage the 
time-line execution and real-time evaluat ion of the crew-operated equipment. Assistance was 
provided t o  the  crew in management of equipment configurat ion and on-off operat ing t i m e .  

For Apollo 11 and subsequent missions, the 

In  t h i s  r o l e ,  

The management of and da ta  r e t r i e v a l  from t h e  Apollo lunar  surface 

I n  addi t ion,  up- 
Begin- 



7.1.4 Concluding Remarks 

I n  summary, mission cont ro l  maintained a f l e x i b i l i t y  of operat ion t o  support t h e  program re- 
quirements. 
s i b i l i t i e s  expanded as required t o  support the v a r i e t y  of missions undertaken. 

Although the b a s i c  i n t e n t  remained constant ,  mission cont ro l  c a p a b i l i t i e s  and respon- 

7.2 MISSION PLANNING 

7.2.1 Trajectory Design 

I n i t i a l  mission planning and t r a j e c t o r y  design e a r l y  i n  the  Apollo program transformed the  
broad lunar  landing objec t ives  i n t o  a standard mission p r o f i l e  and sequence of events aga ins t  
which the many spacecraf t  s y s t e m  could be designed. Preliminary t r a j e c t o r y  design,  l i k e  t h e  
spacecraf t  hardware design. was developed from specif ied objec t ives  within a framework of  system 
funct iona l  c h a r a c t e r i s t i c s  and mission opera t iona l  cons t ra in ts .  
ries of i t e r a t i v e  cycles  i n  which the b a s i c  lunar  mission t r a j e c t o r y  w a s  increasingly ref ined a s  
the  program progressed and as the  f l i g h t  hardware and operat ional  planning became more d e f i n i t e .  

The process consis ted of a se- 

As might be expected, incompat ib i l i t i es  arose between system c a p a b i l i t i e s  and t r a j e c t o r y  
performance requirements which necess i ta ted  tradeoff s t u d i e s  so t h a t  compromises could be reached. 
In t h i s  respec t ,  t r a j e c t o r y  design a c t i v i t y  w a s  one of the primary means of achieving the  o v e r a l l  
systems in tegra t ion  on which the  success of the  program rested.  As hardware designs became f i n a l ,  
the  t r a j e c t o r y  design was more opera t iona l ly  or iented t o  conform t o  the  expected c a p a b i l i t i e s  of  
t h e  spacecraf t  and ground support equipment. 

The f i n a l  mission design e f f o r t  occurred la rge ly  i n  the  year  preceding each launch and in- 
volved the  development of an operat ional  t r a j e c t o r y  and the  associated d e t a i l e d  procedures, tech- 
niques, mission r u l e s ,  and f l i g h t  software. The operat ional  documentation and data  were used by 
the  f l i g h t  crew and ground cont ro l  personnel f o r  both nominal and contingency t r a j e c t o r y  cont ro l  
and monitoring. The major problems encountered in t h e  design of the  var ious Apollo t r a j e c t o r i e s  
were not as technical  as they were accommodative t o  the myriad user  requirements, hardware and 
launch schedules, and the presentat ion of the  proper d a t a  formats. 

Another area i n  which problems were more bothersome and t i m e  consuming than they were tech- 
n i c a l l y  d i f f i c u l t  w a s  t h a t  of designing the t r a j e c t o r y  and providing associated da ta  t o  overcome 
systems l i m i t a t i o n s ,  p a r t i c u l a r l y  those discovered inmediately before launch, and accommodating 
las t -minute  changeis. Trajectory engineers demonstrated a grea t  dea l  of ingenuity, f o r  example, 
when r e t a r g e t i n g  was required on severa l  of the  earlier missions and when a prec is ion  lunar  land- 
ing w a s  d i c t a t e d  on l a t e r  missions. I n  the latter case, a new technique of updating t h e  t a r g e t  
vec tor  i n  the  onboard computer during t h e  a c t u a l  descent maneuver w a 8  very successful .  

Early in the  t r a j e c t o r y  design e f f o r t ,  the  need became apparent f o r  some type of configura- 
t i o n  cont ro l  t o  ensure t h a t  a l l  elements were using t h e  same systems performance parameters. 
The proposal f o r  a data management system t o  provide t h i s  necessary cont ro l  was accepted and re- 
s u l t e d  in t h e  production of the  Spacecraft Operational Data Book. This document, with its con- 
tinuous updates, and the  d a t a  management elements in other  organizat ions provided a conmmn da ta  
base f o r  a l l  users. 

In  the e a r l y  s tages  of the  program, much more e f f o r t  w a s  devoted t o  planning f o r  contingen- 
T h i s  fact  w a s  also t r u e  f o r  the  two previous pro- 

As more confidence w a s  gained i n  the  systems performance and the  bas ic  t r a j e c t o r y  design 
c i e s  than t o  planning the  nominal t ra jec tory .  
grams. 
techniques, the concentrat ion of e f f o r t  on contingencies w a s  somewhat reduced. 
contingency planning was  not wasted, however, s ince  t h e  a b i l i t y  of t r a j e c t o r y  design engineers 
to respond rap id ly  t o  the Apol lo  13 emergency w a s  instrumental i n  re turn ing  the  crew s a f e l y  t o  
ear th .  

The e f f o r t  toward 

. 
A 
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7.2.2 Consumables 

During the  e a r l y  Apollo mission planning, the  need f o r  a s i n g l e  a u t h o r i t a t i v e  c o n s m b l e s  
da ta  source became apparent. 
major consumables data f o r  the spacecraf t .  
b i l i t y  because of the c lose  re la t ionship  of t r a j e c t o r y  design t o  o v e r a l l  mission planning and 
systems funct ional  perfonnance, which included consumables usage. 

A consumables ana lys i s  group w a s  therefore  char tered t o  def ine a l l  
The t r a j e c t o r y  design team was given t h i s  responsi- 

7.2.3 Lunar  Landing S i t e  Se lec t ion  

Lunar landing site s e l e c t i o n  was  a complex process which involved technica l  t radeoffs  among 
diverse  i n t e r e s t s .  
by a S i t e  Select ion Board and a reconmendation was then made t o  agency management where the  f i n a l  
se lec t ion  was made. The t r a j e c t o r y  design team provided inputs  t o  t h e  S i t e  Select ion Board on 
the s u i t a b i l i t y  of severa l  candidate sites f o r  a given mission based upon operat ional  considera- 
t i o n s  such as the  t r a n s l a t i o n  of spacecraf t  performance c a p a b i l i t y  i n t o  access ib le  areas on t h e  
lunar  surface.  
determine which s i t e s  were ava i lab le .  
ess and the  var ious t rade-offs  required. 

The s c i e n t i f i c  considerat ions w e r e  balanced aga ins t  t h e  system c a p a b i l i t i e s  

The access ib le  areas were then cor re la ted  with the  candidate landing sites t o  
Reference 7-2 descr ibes  i n  d e t a i l  the  s i te  se lec t ion  proc- 

Among the var ious organizat ions responding t o  the  S i t e  Select ion Board on the  acceptab i l i ty  
of the  var ious sites, t r a j e c t o r y  design personnel probably appeared t o  be one of the  least con- 
serva t ive .  This lack of conservatism probably stemned from t h e  f a c t  t h a t  numerous proven analyt- 
i c a l  t o o l s  and t r a j e c t o r y  shaping techniques provided grea t  confidence i n  the  face of new mission 
requirement uncer ta in t ies .  For example, without these t o o l s  and the  wealth of mission planning 
experience, the s c i e n t i f i c a l l y  valuable  Taurus-Littrow s i te  probably could not have been approved 
f o r  t h e  Apollo 17 mission. Based on the accuracy of both t h e  lunar  and the  e a r t h  landings,  t h e  
t o o l s  and techniques were demonstrated t o  be e f f e c t i v e ,  and the  recomendat ions made t o  the  S i t e  
Select ion Board regarding s i te  a c c e s s i b l i t y  were timely and cor rec t .  

7.2.4 Documentation 

Because of numerous inputs  t h a t  influenced the  t r a j e c t o r y  design and because of t h e  many 
users  of  opera t iona l  t r a j e c t o r y  da ta ,  adherence t o  a s t r i c t  cont ro l  procedure was necessary t o  
provide the t r a j e c t o r y  design wlthin t h e  time cons t ra in ts  of t h e  program. 
f i n e  the  proper input  d a t a  and t o  provide the da ta  on schedule, a mission documentation plan w a s  
es tab l i shed  which in tegra ted  the var ious requirements of the  organizat ions involved i n  the  f l i g h t  
planning and the a c t u a l  operations. 
and spec i f ied  the  es tab l i shed  user need da tes  so t h a t  publ icat ion of f i n a l  t r a j e c t o r y  da ta  would 
be timely. 
as wel l  as s p e c i f i c  information such as t racking s t a t i o n  d a t a ,  a t t i t u d e  da ta ,  contingency da ta ,  
d i spers ion  analyses ,  consumables analyses ,  simulator input da ta ,  and onboard crew char t s .  Ref- 
erences 7-3 through 7-12 are representat ive documents. 

To determine and de- 

T h i s  documentation plan defined the  types of d a t a  required 

The plan included the  standard t i m e ,  pos i t ion  and ve loc i ty  t r a j e c t o r y  information, 

7.3 " N E D  SPACE FLIGHT NETWORK 

c 

The in i t i a l  support of the  Apollo program by t h e  n i s s i o n  Control CenterIManned Space F l ight  
Network ( l a t e r  ca l led  the  Spacefl ight  Tracking and Data Network) began during t h e  terminal  phases 
of the  Gemini program with the  three  shor t  o r % i t a l  f l i g h t s  of  Apollo missions AS-201, AS-202, and 
AS-203. These unmanned f l i g h t s  were supported with the ground systems hardware and software used 
i n  the  Gemini program. 
t o  become well h o r n  in the  Apollo program, were i n  t h e i r  infancy and were used only on a ground 
systems test bas is .  Remote cont ro l  from t h e  Houston Mission Control Center was almost nonexist- 
e n t ,  and t h e  f l i g h t  c o n t r o l l e r s  were sent  t o  many of  t h e  Manned Space F l ight  Network s t a t i o n s  t o  
support each f l i g h t .  

Systems such a s  the uni f ied  S-band colmrmnications equipment, which were 
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7.3.1 Command Systems 

The radio-frequency communications links between the ground and the Apollo spacecraft were 
similar to those of the Gemini program and used the 1-kilohertz/Z-kilohertz phase-shift-keyed 
modulation techniques; however, the equipment for command generation differed. A computer- 
operated digital command system was used for Gemini flights and the first three Apollo flights 
in which cormnand execution from the Mission Control Center was limited to special interfaces 
with three range stations through the use of a down-range up-link system. 
transmitted to the spacecraft were transferred from the master digital command system in Houston 
through commercial carrier facilities to a station down-range up-link system which in turn pro- 
vided the radio-frequency modulation to the spacecraft. 
Mexico, and Canarvon, Australia, flight control teams sent from Houston used station digital 
command systems to execute the commands. 

The commands to be 

At remote stations, such as Guaymas, 

The main-line Apollo program was to provide a different operation. 
as had the use of digital communications. 
modified 642B computers replaced the digital command system. 
transmitted directly from Houston. 
mand words, and the execute decision from the Mission Control Center became requests for the pre- 
programed command words. Additionally, the Mission Control Center was no longer limited to com- 
mand execution through three stations because 13 prime range stations within the Manned Space 
Flight Network were linked to a 494 computer in Houston by a similar 494 computer at the Goddard 
Space Flight Center in Greenbelt, Maryland. 

The computer had matured, 
While radio-frequency modulation remained the same, 

Up-link commands were no longer 
Each remote station computer was programmed with unique com- 

Modulation techniques remained the same; however, the radio-frequency link changed. Gemini 
and early Apollo missions were conducted in near-earth orbit, using an ultrahigh-frequency com- 
mand system. 'To communicate effectively at greater than near-earth orbital distances, the 
Apollo program used a unified S-band system, and the up-link commands became an integral part of 
that system with commands nvdulating a 70-kilohertz subcarrier. 

The practice of sending flight control teams to selected remote stations to execute commands 
and monitor telemetry was gradually discontinued. 
and the Apollo 7 mission was supported with all the flight control personnel being located at 
the Manned Spacecraft Center and operating with a totally remote Manned Space Flight Network. 

Confidence was established in the new system, 

After the Apollo 7 mission, the command system configuration remained relatively unchanged. 
The only significant change was the adoption of the universal command system concept with the 
Mission Control Center complex during the-later lunar missions. 
creased system flexibility by providing the capability to execute real-time commands from any 
command panel by means of a thumbwheel selection. 
dividually selected by unique pushbutton indicators at specific consoles. 
cific console was not functioning. command capability for the discipline controlled from that 
console was lost. 
console or to have someone else execute his command if his console malfunctioned. 

The universal command system in- 

Until this time, real-time commands were in- 
Previously, if a spe- 

The universal command system allowed the flight controller to m v e  to another 

7.3.2 Telemetry System 

Telemetry, like the command system, was subjected to major changes. Only two sources of 
real-time digital telemetry existed at the Maaned Spacecraft Center for the initial Apollo flights. 
The primary source came from the Kennedy Space Center and was known as the Gemini launch data sys- 
tem (later called the Apollo launch data system). 
links. decomuutatad, sent to the data core system at Kennedy Space Center, and than transmitted 
to Houston at a 40.8-kilobit rate. 
Bermuda. Real-time telemetry from the remaining Manned Space Flight Network stations was lim- 
ited to critical events and was transmitted by frequency modulation on voice-quality long-line 
circulte. The primary method for providing telemetry data to the Manned Spacecraft Center was 
via teletype. Down-linked data received at the Manned Space Flight Network stations were decom- 
mutated and routed into 1218-type computers. Selected parameters were then extracted from the 
computer, on manual request, in teletype format and transmitted to the Manned Spacecraft Center. 
At the Mission Control Center, the teletype telemetry data were routed to the real-time computer 
complex for processing. After processing, sununary nessages were transmitted from Houston to the 
remte station8 so that the onsite flight controllers would know the vehicle status before an up- 
coming pass over the range station. 

The data were received on ultrahigh-frequency 

The only other digital tiource was a 2.0-kilobit link from 

c 

i 

. 
4 
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With the availability of 642B computers, a different and more suitable system was developed. 
All the data were now decommutated, sent to the 642B computers, and formatted for digital output 
to the Mission Control Center in the same manner that commands were sent to the range stations. 
Two 2.4-kilobit lines from each range station to the Goddard Space Flight Center provided digi- 
tal data in real time. Each line was dedicated to a eelectable telemetry format. Each format 
contained specific data from a certain vehicle or vehicles, and the format was eelectable by ei- 
ther the Mission Control Center or the remote station. The link between the Mission Control Cen- 
ter and the Goddard Space Flight Center conaisted of two 40.8-kilobit lines and could provide 
data from multiple stations to the Mission Control Center, thereby providing either redundant 
data from one vehicle or data from multiple vehicles during periods when the vehicles were sep- 
arated. 
Center and transferred to either the real-time computer complex, the telemetry ground stations, 
or directly to console event lights. 
when the data rate of the lines was increased to 4.8 kilobits. At this time, the two telemetry 
formats were transmitted on one line only, and the second line was used for the transmission of 
digital biomedical data. 
Gemini systems - became a backup system to be used only in a contingency mode. 

These data were received and decommutated by 494-type computers at the Manned Spacecraft 

This configuration was used until the Apollo 15 mission, 

Also at this point, frequency-modulated telemetry - the last of the 

7.3.3 Tracking Systems 

As was the case with the command and telemetry systems, tracking systems needed significant 
Although, unlike other systems, upgrading to provide adequate support for the Apollo program. 

the Gemini systems, for the most part, were retained. 
use of the unified S-band system as a source of trajectory data. During the Gemini program, the 
primary source of trajectory data was C-band radar. To support Apollo, something else was needed 
because C-band radar, like ultrahigh-frequency and very-high-frequency telemetry, was serviceable 
only in earth orbit. 

A significant change, however, was the 

Ground systems processing of the resultant unified S-band trajectory data remained relatively 
unchanged. Teletype was still the method used to transmit the trajectory information and, al- 
though the computers involved were of a new generation, the software programs accomplished the 
same tasks. 

7.3.4 Communications Systems 

The communications systems, although often overlooked, probably underwent the most signifi- 
cant reconfiguration. The communications for the Gemini Manned Space Flight Network consisted 
primarily of voice and teletype circuitry used in a postpass or near-real-time fashion. 
Apollo program required that digital data be routed to Houston in real time; voice communication 
with the spacecraft was no longer the responsibility of an on-station flight control team but re- 
quired routing to a single point in the Mission Control Center; and television from the lunar 
surface was relayed to Houston from Madrid, Spain, Honeysuckle Creek, Australia, and Coldstone, 
California. Each change in a data system or the addition of a new system constituted a similar 
change in the communications system. 

The 

In the Gemini program, the conmiunications network consisted of facilities leased from vari- 
ous commercial carrier companies. These facilities consisted of landline, submarine cable and 
microwave systems; the latter being avoided whenever possible because of uncertain reliability. 
The required circuitry, circuit reliability, and circuit quality for Apollo increased an order 
of magnitude over those of Gemini. Contributing to the overall improvement vas the shift from 
the use of submarine cables to communications satellites for global communications. 

7.4 RECOVERY OPERATIONS 

The decision to use the water-landing mpde for the Apollo program allowed the basic recovery 
concepts and techniques developed during the Mercury and Gemini programs to be retained. 
these concepts and techniques were generally applicable, the recovery requirements resulting from 
flying a new spacecraft on a translunar trajectory necessitated the development of some new re- 
covery force deployment concepts and also the development of specialized equipment, tools, and 
procedures. 

Although 

The aspects of recovery unique to the Apollo program are discussed. 
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7.4.1 Department of Defense Support 

In consonance wi th  t h e  i n t e n t  of  t h e  Nat ional  Aeronautics and Space Act of 1958, e x i s t i n g  
Department of Defense r e sources  were i n t e g r a t e d  i n t o  the  Apollo program where p o s s i b l e  t o  avoid 
unnecessary d u p l i c a t i o n  of  e f f o r t ,  f a c i l i t i e s ,  and equipment. 
s p o n s i b i l i t i e s  were assigned i n  the  areas of launch and recovery ope ra t ions ,  communications, med- 
i c i n e ,  meteorology, and pub l i c  a f f a i r s .  Personnel support  ranged from approximately 4000 f o r  t h e  
AS-201 mission t o  more than  9000 f o r  t he  Apollo 8 mission. 
w a s  f o r  recovery ope ra t ions .  
l o c a t i n g  t h e  command m d u l e ;  providing on-the-scene a s s i s t a n c e  t o  the  crew i f  necessa ry ;  r e t r i e v -  
i ng  the  crew and command m d u l e ;  and providing f o r  t h e  r e t u r n  of t h e  crew, luna r  samples, d a t a ,  
and equipment. 

Department o f  Defense support  re- 

The g r e a t e r  po r t ion  of t h i s  support  
For a manned mission, t h e  major recovery r e s p o n s i b i l i t i e s  e n t a i l e d  

7.4.2 Recovery Pos tu re  

7.4.2.1 Ea r th  o r b i t a l  missions.- A four-zone recovery concept was used f o r  t he  Apollo 7 and 
Apollo 9 manned e a r t h  o r b i t a l  missions.  
P a c i f i c  Ocean a reas .  The Vest A t l a n t i c  zone contained t h e  p r ina ry  landing a r e a ,  which w a s  sup- 
ported by an a i r c r a f t  c a r r i e r .  
similar c a p a b i l i t y ,  were loca t ed  wi th in  or near  a l l  f o u r  zones. 

Two zones were l o c a t e d  i n  the  A t l a n t i c  and two i n  t h e  

Secondary l and ing  a r e a s ,  supported by d e s t r o y e r s  and s h i p s  of 

7.4.2.2 Lunar missions.- The recovery pos tu re  f o r  t he  luna r  missions d i f f e r e d  from t h a t  of 
t he  e a r t h  o r b i t a l  missions in s e v e r a l  ways. The concepts  and support  provided are perhaps b e s t  
discussed as they r e l a t e  t o  s p e c i f i c  types of l and ing  a r e a s  def ined f o r  d i f f e r e n t  mission phases. 

a. Launch phase. As i n  t he  previous manned space f l i g h t  programs, recovery f o r c e s  were de- 
ployed i n  the  so-cal led launch site a r e a  t o  r e scue  t h e  crew i f  i t  had been necessary t o  i n i t i a t e  
an a b o r t  wh i l e  t he  s p a c e c r a f t  was on the  launch pad or dur ing  the  f i r s t  seconds of f l i g h t .  
recovery a r e a  was def ined by t h e  range of launch az inu ths ,  which were dependent on t h e  launch 
window. For a given wind p r o f i l e  and launch azimuth, t h e  l o c i  of p o s s i b l e  l and ing  p o i n t s  l a y  In  
a narrow c o r r i d o r  wi th in  t h i s  area. The l o c a t i o n  of t he  c o r r i d o r  w a s  i d e n t i f i e d  and t r ansmi t t ed  
t o  the  recovery f o r c e s  be fo re  launch. 

The 

The next  area of coverage r equ i r ed  f o r  t h e  launch phase w a s  t h e  so-cal led launch a b o r t  a r e a  
i n  which t h e  command module would l and  i f  an abor t  were i n i t i a t e d  between about 90 seconds a f t e r  
l i f t - o f f  and the  t i m e  of i n s e r t i o n  i n t o  an ear th-parking o r b i t .  
launch abor t  a r e a  based on a range of launch azimuths from 72" t o  106". A s  i n  t h e  launch site 
a r e a ,  t h e  l o c i  of p o s s i b l e  l and ing  p o i n t s  l a y  wi th in  a r e l a t i v e l y  narrow c o r r i d o r  once the  ac- 
t u a l  launch a z i m t h  was es t ab l i shed .  

Figure 7-4 i l l u s t r a t e s  a t y p i c a l  

The  p r o b a b i l i t y  of  a l and ing  i n  s e c t o r  B of the launch a b o r t  area (from 100 t o  3400 mi l e s  
down range) was r e l a t i v e l y  low because t h e  c a p a b i l i t y  t o  i n s e r t  t h e  s p a c e c r a f t  i n t o  e a r t h  o r b i t  
using t h e  S-IVB s t a g e  and the  s e r v i c e  propuls ion system was p re sen t  a f t e r  reaching a downrange 
d i s t a n c e  of less than  1000 miles. Therefore ,  a lower l e v e l  of recovery support  f o r  s e c t o r  B w a s  
j u s t i f i e d .  As t h e  program progressed,  t h e  support  f o r  both s e c t o r s  w a s  reduced and dependence 
was placed on sh ips  of oppor tun i ty  f o r  r e t r i e v a l  of t he  command module. The maximum t i m e  spe- 
c i f i e d  f o r  providing pararescue a s s i s t a n c e  t o  t h e  f l i g h t  crew, however, w a s  maintained a t  4 hours  
f o r  a l l  f l i g h t s .  
in t h e  launch a b o r t  a r e a  be fo re  launch. These a i r c r a f t  were posi t ioned so t h a t  t h e  4-hour access  
time requirement could be met. 
t a ined  advantageous p o s i t i o n s  wi th  r e s p e c t  t o  t h e  updated launch azimuth. 

HC-130 search-and-rescue a i r c r a f t  w i th  pararescue personnel  aboard were a i r b o r n e  

When a launch de lay  occurred, t h e  a i r c r a f t  moved sou th  and main- 

The w s t  s i g n i f i c a n t  change i n  t h e  launch a b o r t  recovery f o r c e  deployment w a s  t h a t ,  beginning 
wi th  Apollo 16, t he  requirement f o r  recovery s h i p  support  of s e c t o r  A was de l e t ed .  
s i t e  HH-53C h e l i c o p t e r  was  used i n s t e a d  because,  w i th  i n f l i g h t  r e f u e l i n g ,  t he  a i r c r a f t  had become 
capable  of r e t r i e v i n g  t h e  f l i g h t  crew t o  a d i s t a n c e  of  1000 miles .  
s h i p  U.S.N.S. Vanguard could have provided a s s i s t a n c e  i f  a contingency l and ing  had occurred in 
its v i c i n i t y .  

The launch 

Also, t h e  i n s e r t i o n  t r a c k i n g  

. 
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b. Earth-parking-orbit  phase. The second phase of  l u n a r  mission recovery support  was i m -  
TWO recovery zones were plenented a t  i n s e r t i o n  of t h e  spacccraft/S-IVB s tage  i n t o  e a r t h  o r b i t .  

defined. One was loca ted  in the  West A t l a n t i c ,  and a l a r g e r  zone w a s  loca ted  in t h e  mid-Pacific 
( f ig .  7-5). Secondary landing a r e a s ,  supported by sh ips  and/or a i r c r a f t ,  were designated wi th in  
o r  near  these zones so t h a t  a s s i s t a n c e  could be provided t o  t h e  crew wi th in  6 hours if a landing 
became necessary before  t rans lunar  i n j e c t i o n .  

A lower l e v e l  of recovery support  was provided f o r  a l l  t h e  a r e a  (exclusive of  t h e  secondary 
landing a r e a s )  which was within the  40' l a t i t u d e  l i n e s .  
t ingency landing area. 
(where poss ib le ,  t h e  same a i r c r a f t  t h a t  supported the  launch a b o r t  and secondary landing a r e a s ) .  
These a i r c r a f t  were deployed t o  s t a g i n g  bases  from which they could have provided a s s i s t a n c e  t o  
t h e  crew within s p e c i f i e d  t i m e s ,  genera l ly  not t o  exceed 48 hours. Although some por t ions  o f  t h e  
a rea  were beyond t h e  48-hour c a p a b i l i t y  of the  a i r c r a f t ,  a degree of r i s k  was accepted based on 
the  low p r o b a b i l i t y  of a contingency landing in these  l o c a t i o n s  weighed a g a i n s t  the  c o s t  o f  main- 
t a i n i n g  higher  support  l e v e l s .  

This area was c a l l e d  the  o r b i t a l  con- 
The recovery support  cons is ted  of  s p e c i a l l y  equipped HC-130 a i r c r a f t  

To provide f o r  t h e  p o s s i b i l i t y  of an e a r t h  o r b i t a l  a l t e r n a t e  mission i f  t h e  t r a n s l u n a r  in- 
j e c t i o n  maneuver could not  have been performed, a d d i t i o n a l  t a r g e t  p o i n t s  were s e l e c t e d  t o  provide 
a landing opportuni ty  on each revolut ion.  Whenever poss ib le ,  these  poin ts  were chosen wi th in  the  
West A t l a n t i c  and mid-Pacific zones. On determinat ion t h a t  an e a r t h  o r b i t a l  a l t e r n a t e  mission 
would be flown, the s i z e s  of t h e  zones would have been reduced and t h e  recovery f o r c e s  redeployed 
t o  provide optimum support .  
i n i t i a l l y  been support ing t h e  mid-Pacific zone, t h e  primary recovery sh ip  ( a i r c r a f t  c a r r i e r )  would 
have re l ieved  t h e  secondary ship.  

I f  a secondary recovery sh ip  (destroyer  o r  s i m i l a r  s ized  sh ip)  had 

C. Translunar i n j e c t i o n  t o  end of mission. A f t e r  performance of  a successfu l  t r a n s l u n a r  
i n j e c t i o n  maneuver, designated s h i p s  were deployed t o  support  so-called deep-space secondary 
landing a r e a s  loca ted  on the  north-south t rending  l i n e s  i n  t h e  P a c i f i c  and A t l a n t i c  Oceans shown 
in f i g u r e  7-2. 
addi t ion ,  HC-130 a i r c r a f t  were a v a i l a b l e  t o  support  these  landing a r e a s  as w e l l  a s  t h e  e n t i r e  
a rea  wi th in  the 40' l a t i t u d e  l i n e s  where a landing could occur,  shown by the-shaded area  in f ig-  
ure  7-2. A s  a mission progressed. t h e  sh ips  maintained p o s i t i o n s  that would al low them t o  re- 
t r i e v e  the  crew wi th in  s p e c i f i e d  times (ranging from 1 6  t o  32 hours) in case  of a deep-space 
abort .  The spacecraf t ,  p referab ly ,  w a s  t o  be ta rge ted  f o r  a landing area on t h e  mid-Pacific l i n e  
s i n c e  the  primary recovery sh ip  was there .  
been made where a secondary recovery s h i p  was  ava i lab le .  
Ocean l i n e  f o r  f i v e  of t h e  n ine  lunar  missions. The requirement was not  lev ied  f o r  t h e  la ter  
missions. 
comaand module would have been e f f e c t e d  by a sh ip  of opportunity.  

These l i n e s  w r e  known as the mid-Pacific l i n e  and the  A t l a n t i c  Ocean l i n e .  In  

I f  t h i s  had not  been poss ib le ,  a landing would have 
A sh ip  was  posi t ioned on the  A t l a n t i c  

I f  an A t l a n t i c  Ocean landing had been necessary f o r  these  missions,  recovery of t h e  

When the  Apollo 13  mission was  aborted,  the  spacecraf t  w a s  i n i t i a l l y  placed on a f ree- re turn  
circumlunar t r a j e c t o r y  t h a t  would have r e s u l t e d  in a landing in t h e  Indian Ocean, To shorten the 
r e t u r n  ti- and to provide primary recovery sh ip  support ,  a t r a n s e a r t h  i n j e c t i o n  maneuver was 
performed approximately 2 hours a f t e r  passing lunar  per icynthion.  This  maneuver and two mid- 
course c o r r e c t i o n s  placed the  spacecraf t  on a t r a j e c t o r y  t h a t  permit ted a landing on the  mid- 
P a c i f i c  line. Because of the  emergency, a d d i t i o n a l  support  was provided by the  Department of 
Defense and o f f e r s  o f  assistance were made by many nat ions.  
sh ips  and 17 a i r c r a f t  were a v a i l a b l e  f o r  an Indian Ocean landing, and 51 s h i p s  and 21 a i r c r a f t  
were a v a i l a b l e  f o r  an A t l a n t i c  Ocean landing. 
were known t o  be a v a i l a b l e  in a d d i t i o n  t o  t h e  designated forces .  

. 
Including voluntary  support ,  21 

I n  t h e  P a c i f i c  Ocean, 13  s h i p s  and 1 7  a i r c r a f t  

d. Normal end-of-mission landing. Before the comnaad rmdule entered t h e  e a r t h  atmosphere, 
the  primary recovery s h i p  was pos i t ioned  a few miles from t h e  end-of-mission t a r g e t  po in t  and 
a i r c r a f t  =re t y p i c a l l y  posi t ioned as shown in f i g u r e  7-6. 
in t h e  inmediate area, and land-based HC-130 a i r c r a f t  were posi t ioned up range and down range 
f o r  t racking  and f o r  providing pararcscue c a p a b i l i t y  in case of an  undershoot o r  overshoot. 

Shipborne a i r c r a f t  were pos i t ioned  
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Elaborate precautions were taken f o r  the  f i r s t  th ree  lunar  landing missions t o  prevent con- 
tamination from possible  a l i e n  micro-organisms during r e t r i e v a l  and t ranspor ta t ion  of the  crews 
and t h e i r  spacecraf t  to  the Lunar Receiving Laboratory a t  the  Manned Spacecraft Center. A t  t h a t  
t i m e ,  the  presence of lunar  micro-organisms was thought poss ib le ,  and the  precaut ions taken were 
based on recommendations from an interagency committee on back contamination and the  d e s i r e  of 
NASA t o  be cautious. 
been explored, the precautions were eliminated f o r  the f i n a l  t h r e e  missions. 

Because PO micro-organism could be i d e n t i f i e d  a f t e r  th ree  lunar  sites had 

Table 7-1 gives  the  o v e r a l l  sh ip  and a i r c r a f t  support provided f o r  t h e  Apollo program. Ad- 
d i t i o n a l  landing and recovery d a t a  are given i n  appendix A. 

7.4.3 Equipment and Procedures 

Primary recovery ships  and at tendant  ewimmer/helicopter teams were used f o r  recovery of a l l  
crews. I n  general ,  the  normal crew r e t r i e v a l  procedures consis ted of deploying swimmers. a f l o -  
t a t i o n  c o l l a r ,  and a sea anchor from he l icopters ;  a t tach ing  the sea anchor and c o l l a r  t o  the  com- 
mand module; deploying r a f t s  from 8 hel icopter ;  a t tach ing  a r a f t  t o  the  c o l l a r ;  opening the  com- 
mand module hatch;  and a s s i s t i n g  each crewmember, in turn ,  i n t o  a r a f t  from which they were helped 
i n t o  a rescue net  suspended from t h e  pickup he l icopter  ( f ig .  7-7). These procedures were prac- 
t i c e d  by the  Apollo crews before t h e i r  missions and by the  he l icopter  and m i m e r  teams both be- 
f o r e  the  missions and while en route  t o  recovery s t a t i o n s .  

For the  f i r s t  th ree  lunar  landing missions, spec ia l  equipment and procedures were used t o  
i s o l a t e  the Apollo crewmen and the recovery personnel r e q u i r e d  t o  e n t e r  the cormand module, t o  
i s o l a t e  the  command module i n t e r i o r  and i t s  contents ,  and t o  decontaminate any areas t h a t  might 
have been exposed t o  contaminants. 
b io logica l  i s o l a t i o n  garments before  egress  and wore the  garments u n t i l  they were i n s i d e  a mobile 
quarantine f a c i l i t y  on the  hangar deck of the  recovery ship. 
aboard, was posi t ioned near t h e  quarantine f a c i l i t y  and connected t o  the  f a c i l i t y  by a tunnel 
which provided access t o  the cabin f o r  removal of lunar  samples and other  items ( f i g .  7-8). 

During the  svimmer/helicopter operat ions,  t h e  crewmen donned 

The command module, when hois ted 

Airborne e lec t ronic  loca t ion  equipment consis ted of NASA-furnished search-and-rescue-and- 
homing systems and AN/ARD-17 d i rec t ion  f inder  sets. 
w a s  i n s t a l l e d  on primary recovery ship he l icopters  and on the he l icopters  used i n  the launch s i te  
recovery area and was compatible with the  command module recovery beacon and surv iva l  beacon fre- 
quency of 243 megahertz. 
i n s t a l l e d  i n  HC-130 a i r c r a f t .  
range and down range of t h e  predicted landing point and o f f s e t  from t h e  comnand module groundtrack 
(fig. 7-6). 
proximately 1 minute before  the  predicted main parachute deployment. 
was ac t iva ted  a t  t h a t  time.) 
landing would occur up range or down range of the  p a r t i c u l a r  a i r c r a f t .  
t o  the VHF mode t o  attempt recognition of the  recovery beacon s igna l  as soon a s  the beacon was 
turned on. Immediate recognition of the  recovery beacon signal w a s  d e s i r a b l e  because the l i n e -  
of-sight range w a s  approximately 300 m i l e s  when the command module was a t  an a l t i t u d e  of 1 0  000 
f e e t  compared v i t h  a 195-mile range when the command m d u l e  was on t h e  water. 

The search-and-rescue-and-homing equipment 

The ANIARD-17 sets, developed espec ia l ly  f o r  the  Apollo program, were 
Two a i r c r a f t  were general ly  located approximately 200 miles up 

The S-band t racking was used from the  end of t h e  communications blackout u n t i l  ap- 
(The VHF recovery beacon 

The S-band t racking mode w a s  used t o  help determine whether t h e  
The set was then switched 

Small waterproof rad ios  were issued t o  A i r  Force pararescue personnel and Navy swimmers t o  
permit communications with a i r c r a f t ,  the  recovery sh ips ,  and the Apollo crews during recovery 
operat ions.  
of 202.8 megahertz and voice only when operat ing on a frequency of 296.8 megahertz. 

The rad ios  had three  operat ing modes: voice or  beacon when operat ing on a frequency 

The s p e c i a l  equipment car r ied  aboard the  HC-130 a i r c r a f t  a l s o  included an aircraft-deployed 
The system consis ted of two parachute-delivered drag packages connected 

The drag packages were dropped i n  t h e  path of the command module so t h a t  the  
d r i f t  reduction system. 
by a buoyant l i n e .  
l i n e  could be snagged a s  the  command module d r i f t e d  across  the  l i n e .  
been deployed through the command module s i d e  hatch pressure equal iza t ion  valve por t  ( a f t e r  re- 
moval of the  valve) by a crewman t o  snag the  line o r ,  i f  t h e  command module went underneath the  
line, the  i n f l a t e d  upright ing bags would have snagged i t .  
parachutes, ac t ing  as sea anchors, e f f e c t i v e l y  slowed the d r i f t  rate of the  command module, in- 
creasing the probabi l i ty  of reaching the command w d u l e  quickly. 

A grappling hook could have 

Tests of the  system showed t h a t  the 

i 
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TABLE 7-1.- APOLLO RECOVERY SUPPORT 

Miss ion 

AS-201 

AS-202 

Apollo 4 

Apollo 5 

Apollo 6 

Apollo 7 

Apollo 8 

Apollo 9 

Apollo 1 0  

Apollo 11 

Apollo 12 

Apollo 13 

Apollo 14  

Apollo 15 

Apollo 16 

Apollo 1 7  

Overall recovery fo rces  

Navy sh ips  

A t l a n t i c  
Ocean 

8 

4 

5 

1 

5 

4 

6 

3 

4 

3 

3 

2 

3 

2 

1 

1 

a 

a 

P a c i f i c  
Ocean 

- 
3 

2 

- 
2 

5 

6 

3 

4 

2 

2 

2 

2 

2 

3 

2 

A i r c r a f t  

Navy 

16  

43 

37 

- 
25 

8 

2 1  

7 

10 

13 

9 

8 

5 

5 

6 

5 

A i r  Force 

16 

4 

5 

- 
10 

23 

22 

22 

20 

1 8  

17  

14 

14 

1 2  

11 

10  

Small ships were used f o r ' s o n i c  boom measurements i n  add i t ion  t o  a 

t h e  ship ind ica ted .  
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Much s p e c i a l  equipment was car r ied  aboard secondary recovery sh ips  t o  f a c i l i t a t e  command 
The major item on destroyers  was  a NASA-developed davi t  crane module r e t r i e v a l  and handling. 

t h a t  incorporated a holdoff r ing  t o  s t a b i l i z e  the  command module during pickup. 
command module w a s  furnished t o  all secondary recovery sh ips  so t h a t  r e t r i e v a l  t r a i n i n g  could be 
conducted while the sh ips  were en route  t o  assigned areas. I n  addi t ion ,  a Idt containing auxi l -  
i a r y  r e t r i e v a l  equipment w a s  provided. 
th readers ,  poles. hooks, fending pads, and a crad le  t o  support the  b o i l e r p l a t e  conmind module 
during t r a i n i n g  o r  the  a c t u a l  command rmdule, i f  recovered. 
f o r  the  b io logica l  i s o l a t i o n  of lunar landing mission crews; however, i f  a secondary recovery 
sh ip  had performed a recovery, the  Apollo crewmen would have been quarantined in whatever f a c i l -  
i t ies  were ava i lab le .  

A b o i l e r p l a t e  

Included in the  kit were such items as l ine threaders ,  

No s p e c i a l  f a c i l i t i e s  were f u r d s h e d  

The vehic les ,  equipment, and procedures used in t h e  launch s i te  recovery area were similar 
t o  those used f o r  Gemini f l i g h t s ;  however, severa l  procedural changes were made and some new 
equipment was introduced. S t a r t i n g  with Apollo 7, t h e  HH-53C heavy-lift he l icopter  was added t o  
the  complement of launch s i t e  recovery vehic les  f o r  upright ing the  command module and f o r  del iv-  
e r ing  pararescue personnel, f i r e f i g h t e r s ,  and equipment. For surf opera t ions ,  the  same type of 
amphibious vehic le  used during G e m i n i  was i n i t i a l l y  adapted f o r  conmLand rmdule r e t r i e v a l ,  but  
the  use of t h i s  vehic le  was discontinued a f t e r  Apollo 11 when surf  r e t r i e v a l  procedures using 
t h e  HH-53C he l icopter  were developed. Examples of  equipment developed o r  adapted f o r  crew rescue 
from the  command w d u l e  include a "jamed hatch kit," containing spec ia l  t o o l s  f o r  gaining access  
t o  the command module crew compartment, and a helicopter-deployable f i r e  suppression kit f o r  ex- 
t inguishing hypergolic f i r e s .  I n  addi t ion ,  Improved pro tec t ive  c lo th ing  was developed f o r  f i r e -  
f i g h t i n g  personnel. 

7.4.4 Commend Module P o s t r e t r i e v a l  and 
Deactivation Procedures 

Shipboard recovery a c t i v i t y  a f t e r  command module r e t r i e v a l  included photographing t h e  com- 
mand module; documenting observat ions and inspect ions;  ver i fy ing  e l e c t r i c a l  shutdown of the ve- 
h i c l e ;  and removing and expedi t ing the  re turn  of lunar samples, da ta ,  and spec i f ied  equipment. 

r 
On a r r i v a l  a t  a designated deac t iva t ion  si te,  t h e  cormnand module was inspected and i ts  con- 

d i t i o n  evaluated by a landing saf ing  team. The pyrotechnic devices were safed,  and t h e  reac t ion  
cont ro l  system propel lan ts  were removed according t o  prescr ibed procedures. Deactivation opera- 
t i o n s  were c a r r i e d  out  without inc ident  except f o r  the  one performed on t h e  Apollo 16 command 
module (sec. 4.4.7.2). While the  oxid izer  vas being removed, t h e  scrubber tank of the  decontam- 
i n a t i o n  u n i t  exploded, destroying the  ground support equipment u n i t  and damaging the  bui lding 
where the operat ion was being performed. 
and the command module was  not damaged. Tests shoved t h a t  t h e  explosion w a s  caused by excessive 
gases produced because the quant i ty  of n e u t r a l i z e r  was  i n s u f f i c i e n t  f o r  t h e  quant i ty  of ox id izer  
being removed. 
sequent vehic les ,  the  primary ac t ion  being t o  e l iminate  the  requirement to  n e u t r a l i z e  res idua l  
propel lan ts  a t  the  deac t iva t ion  site. 

The personnel i n  t h e  area received only minor i n j u r i e s ,  

Corrective a c t i o n s  were Implemented f o r  the  Apollo 17 command module and a l l  sub- 

7.4.5 Concluding Remarks 

The ef fec t iveness  of the  o v e r a l l  recovery support w a s  maintained even with a t rend toward 
the  use of f w e r  ships  and a i r c r a f t  as t h e  program progressed. 
on severa l  fac tors :  a cont inual ly  increasing confidence in t h e  r e l i a b i l i t y  of the  spacecraf t  and 
launch vehic les ,  t h e  a v a i l a b i l i t y  of a t racking ship ( the D.S.N.S. V c m g ~ a r d )  t h a t  could serve as 
a recovery ship during the  launch abor t  phase, the  de le t ion  of the  requirement f o r  quarantine. 
and the  a v a i l a b i l i t y  of long-range heavy-l i f t  he l icopters  la te  in t h e  program. 

The force  reduct ions were based 
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7.5 EFFECTS OF WEATHER ON MISSION OPERATIONS 

The weather had no s i g n i f i c a n t  e f f e c t  on t h e  major ope ra t ions  of t h e  Apollo program. Some 
weather cons ide ra t ions  a r e  noteworthy, however, and a r e  d i scussed  b r i e f l y .  The d i scuss ion  is 
divided i n t o  t h r e e  p a r t s :  ope ra t ions  during v e h i c l e  t e s t i n g  a t  t h e  launch complex, t he  launch 
phase,  and recovery ope ra t ions .  

7.5.1 Prelaunch Operat ions 

Spanning a pe r iod  o f  7 yea r s ,  approximately 106 i n s t a n c e s  in which weather had a n  impact on 
prelaunch ope ra t ions  were recorded. A s  t he  program progressed,  work c u r t a i l m e n t s  and in t e r rup -  
t i o n s  decreased because o f  improved weather proofing,  improved adverse weather warning systems, 
f a c i l i t y  mod i f i ca t ions ,  and less s t r i n g e n t  ground r u l e s  governing work a c t i v i t y  du r ing  adverse 
weather. Weather-related work i n t e r r u p t i o n s  du r ing  prelaunch ope ra t ions  caused no launch de lays .  

Several  ground support  u n i t s  were damaged by t h e  electromagnet ic  e f f e c t s  of l i g h t n i n g  s t r i k e s  
during t h e  prelaunch checkout of  Apollo 15. 
p l ex  39 were recorded during the  prelaunch per iod.  
caused damage t o  e i g h t  u n i t s  of  ground support  equipment. 
p e r e s ,  occurred the  fol lowing day but  darnaged on ly  one ground support  u n i t .  
s t r i k e  of 22 000 amperes damaged two u n i t s  of  ground support  equipment. 
t h r e e  s t r i k e s  was  a t t r i b u t e d  t o  improper grounding of c a b l e  s h i e l d s  and s i g n a l  r e t u r n s  a s s o c i a t e d  
wi th  t h e  a f f e c t e d  equipment. 
tems cor rec t ed  these  inadequacies  and prevented equipment damage du r ing  two subsequent s t r i k e s  
of 23 000 and 6500 amperes. 

Five i n c i d e n t s  o f  l i g h t n i n g  s t r i k e s  on Launch Com- 

The second s t r i k e ,  one of  31 200 am- 
The f i r s t  s t r i k e ,  one of  98 000 amperes, 

Ten days l a t e r ,  a 
The damage from t h e  

Modif icat ions t o  the  support  equipment and f a c i l i t y  grounding sys- 

7.5.2 Launch Phase 

Only two Apollo missions experienced launch de lays  because of weather cond i t ions .  Mission 
AS-201 w a s  delayed t h r e e  times because o f  l o c a l  c loud iness  t h a t  was u n s a t i s f a c t o r y  f o r  t h e  re- 
qu i r ed  camera coverage. The Apollo 14 f l i g h t  w a s  delayed 40 minutes because of weather condi- 
t i o n s  t h a t  exceeded mission rule gu ide l ines  e s t a b l i s h e d  a f t e r  l i g h t n i n g  s t r u c k  t h e  Apollo 12  
space v e h i c l e  du r ing  launch (ref. 7-13). 

Apollo 12  w a s  t h e  on ly  mission a f f e c t e d  by weather cond i t ions  du r ing  a launch. Before 
launch, launch o f f i c i a l s  were concerned about t he  approach of a co ld  f r o n t  w i th  i ts  a s s o c i a t e d  
c loud iness  and p r e c i p i t a t i o n ;  however, t hese  weather cond i t ions  d i d  not  exceed t h e  then  e x i s t i n g  
mission r u l e  gu ide l ines .  
major e l e c t r i c a l  d i s tu rbances .  Many temporary e f f e c t s  were noted i n  both t h e  launch v e h i c l e  and 
t h e  Spacec ra f t ,  and some permanent e f f e c t s  involving t h e  l o s s  of n ine  nonessen t i a l  instrumenta- 
t i o n  sensors were noted i n  t h e  s p a c e c r a f t .  
however, t he  s p a c e c r a f t  w a s  found t o  be ope ra t ing  s a t i s f a c t o r i l y  and the  mission was continued. 

A t  36.5 seconds and again a t  52 seconds a f t e r  l i f t - o f f  l i g h t n i n g  caused 

After a thorough systems checkout in e a r t h  o r b i t ,  

I n v e s t i g a t i o n  of the Apollo 12  l i g h t n i n g  i n c i d e n t  showed t h a t  l i g h t n i n g  can be t r i g g e r e d  by 
a space v e h i c l e  and i ts  exhaust plume in an e l e c t r i c a l  f i e l d  t h a t  would not  otherwise have pro- 
duced n a t u r a l  l i g h t n i n g .  
through which the  Apollo 12  v e h i c l e  w a s  launched can be expected t o  con ta in  e l e c t r i c a l  f i e l d s  
and s u f f i c i e n t  charge to t r i g g e r  l i g h t n i n g .  
g e r  l i g h t n i n g  had no t  been considered previously.  
r ev i sed  t o  r e s t r i c t  launch ope ra t ions  in weather cond i t ions  wi th  p o t e n t i a l l y  hazardous e l e c t r i c  
f i e l d s  and charge cen te r s .  
t o  monitor the launch mission r u l e  parameters after t h e  Apollo 1 2  inc iden t .  

Weather cond i t ions  such as t h e  clouds a s s o c i a t e d  wi th  t h e  co ld  f r o n t  

The  p o s s i b i l i t y  t h a t  t he  Apollo v e h i c l e  might t r i g -  
Consequently, t h e  launch rule g u i d e l i n e s  were 

Add i t iona l  i n s t rumen ta t ion  on t h e  ground and in a i r c r a f t  was used 

, 

r. , 
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7.5.3 Recovery opera tions 

The weather interrupted training operations of recovery teams in many instances but did not 
seriously affect the Apollo recovery operations. 
only three occasions. 
alternate landing area in the Western Pacific was moved to the Central Pacific because of high 
winds and seas caused by typhoon Gloria. The Apollo 9 deorbit maneuver was originally planned 
to occur on the 151st earth revolution with the landing to be made in the Western Pacific re- 
covery zone. Because marginal wlnd and sea conditions were predicted for this area, the mis- 
sion was extended an additional revolution and the landing area was moved 500 miles south. 
Apollo 11, the nominal end-of-mission landing area in the Central Pacific was located near the 
northern boundary of the intertropical convergence zone - a  region of significant shower and 
thunderstonn activity. 
cated that a northward extension of the zone would affect the planned landing area. 
the area was moved 200 miles northeastward &ere acceptable weather was assured. 

The weather affected recovery operations on 
Although the Apollo 7 command module landed in the Atlantic Ocean, the 

For 

Weather satellite information and aircraft reconnaissance reports indi- 
Consequently, 

7.6 A P O U O  FLIGHT DATA 

The three basic purposes for which flight data were used during the Apollo program were (1) 
operational monitoring and control of the spacecraft during various mission phases, (2) evalua- 
tion of spacecraft performance to resolve anomalous operation and to determine design changes 
required for future flights. and (3) collection of data from various mission experiments. Data 
from the Apollo spacecraft, lunar subsatellites, and lunar experiments were transmitted to the 
Manned Space Flight Network. Remote site telemetry data were retransmitted to Houston and also 
recorded on magnetic tape for possible later use. 
command, communications, and telemetry system and illustrates the final system configuration 
after several changes were made during the program to increase the capacities of the data systems. 

Figure 7-9 shows the telemetry portion of the 

7.6.1 Operational Data 

The data for operational control and preliminary anomaly identification and resolution were 
transmitted from the Manned Space Flight Network sites through high-speed data channels. Because 
of limited bandwidth, the available high-speed data channels would not accommodate all spacecraft 
telemetry data. Two methods were used to decrease the amount of retransmitted data. First, the 
data were thinned by reducing the sample rate. In most cases, selected measurements were trans- 
mitted to the Manned Spacecraft Center at one-tenth the normal sample rate. 
was to transmit only those data that were of m s t  interest during a particular mission phase. 
Thus, planned sets of measurement/sample-rate formats were used. 
for a particular mission activity or function. For example, a format containing mostly command 
and service module data was transmitted during the translunar coast mission phase, and a format 
containing both lunar module and command and service module data was transmitted during lunar 
orbit operations. 

The second method 

Each of these formats was used 

Data channels were also available to transmit selected full-rate data. Biomedical and lim- 
ited amounts of critical-systems data were transmitted in this manner. 

Once these data were received in Houston, several display methods were available to the 
analysts. Real-time data were available on television displays, strip charts, or high-speed 
printers. . 

7.6.2 Engineering Analysis Data 

The prime sources for engineering analysis data were the uagnetic tapes recorded at the re- 
mote sites. Data from these tapes were processedselectively. First, data retransmitted to 
Houston for operational control purposes were evaluated and specific times, where additional data 
were required, were identified; data from these time periods were then retrieved from the remote 
site magnetic tapes. 
erence 7-14. 

Details of the engineering analysis data techniques are available in ref- 
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7.6.3 Experiment Data 

, 
4 

Experiment d a t a  were reduced, pr imar i ly ,  from remote site magnetic tapes .  Some of t h e  d a t a  
re turned  t o  Houston f o r  opera t iona l  c o n t r o l  w a s  a l s o  used f o r  prel iminary experiment a n a l y s i s .  
This  reduct ion was accomplished by using computer programs developed by p r i n c i p a l  I n v e s t i g a t o r s  
and processed on Manned Spacecraf t  Center computers. 

The prime d a t a  f o r  experiment eva lua t ion  were prepared from t h e  remote s i te  magnetic tapes  
and furnished t o  t h e  p r i n c i p a l  i n v e s t i g a t o r s  as merged computer-compatible tapes  from which each 
p r i n c i p a l  i n v e s t i g a t o r  could perform addi tona l  analyses  on his m computers. 

7.7 MISSION EVALUATION 

An e s s e n t i a l  a c t i v i t y  during the  Apollo manned missions w a s  t h e  mission eva lua t ion  provided 
by an organized team of engineer ing s p e c i a l i s t s  who resolved t e c h n i c a l  problems assoc ia ted  with 
the  spacecraf t  systems. This  team of engineers  provided d i r e c t  support  t o  the  Kennedy Space Cen- 
t e r  during prelaunch t e s t i n g  and t o  t h e  f l i g h t  c o n t r o l  organiza t ion  in t h e  Mission Control Center 
during mission operat ions.  
given i n  re ferences  7-15 through 7-18. 

Details concerning a c t i v i t i e s  r e l a t e d  t o  mission evaluat ion are 

7.7.1 Prelaunch Support 

The Apollo 1 3  Accident Review Board recornended t h a t  cognizant design personnel should be 
more c l o s e l y  assoc ia ted  with the  prelaunch checkout a c t i v i t y .  
mission eva lua t ion  team support ,  t h i s  concept w a s  implemented during t h e  prelaunch checkout. 
S t a r t i n g  with the  Apollo 14 mission, prelaunch t e s t i n g  w a s  monitored both at t h e  Manned Space- 
c r a f t  Center and a t  t h e  c o n t r a c t o r ' s  mlssion support  rooms. 
suppor t ,  the  mission eva lua t ion  team was c a l l e d  on to  eva lua te  the  problem and provide a tech- 
n i c a l  s o l u t i o n .  
c r a f t  cont rac tor  personnel were combined i n  a j o i n t  e f f o r t ,  under a NASA team l e a d e r ,  t o  provide 
t h e  required answers. 

Based on t h e  successfu l  real-t ime 

When t h e  launch c e n t e r  requested 

A s  i n  the  real-t ime mission support ,  government t e c h n i c a l  s p e c i a l i s t s  and space- 

The e f f o r t  was t y p i f i e d  by the  retest requirements which were n e c e s s i t a t e d  by the  prelaunch 
l i g h t n i n g  d ischarges  t h a t  occurred f i r s t  on the  Apollo 15 vehic le  and then on s e v e r a l  subsequent 
spacecraf t .  The i n i t i a l  concept of  retest, i f  a l i g h t n i n g  discharge occurred i n  the  v i c i n i t y  of 
t h e  s p a c e c r a f t ,  was t o  retest a l l  spacecraf t  systems. 
a l l  systems could not  be checked because of s a f e t y  cons idera t ions  or time c o n s t r a i n t s .  
test philosophy t h a t  w a s  developed was  f i r s t  t o  assess those v e h i c l e  measurements t h a t  would 
most l i k e l y  be a f f e c t e d  and then t o  v e r i f y  v i s u a l l y  whether any f u r t h e r  r e t e s t s  were requi red ,  
depending on the  damage assessment. 
damage and allowed the  r e t e s t  requirements t o  be l imi ted  t o  a reasonable minimal l e v e l .  

T h i s  concept proved t o  be imprac t ica l  s i n c e  
The re- 

T h i s  technique permit ted a rap id  assessment of  t h e  i n i t i a l  

7.7.2 Real-Time Evaluation 

The a n a l y s i s  of  s p a c e c r a f t  opera t ions  and performance w a s  exerc ised  a t  two l e v e l s  of e f f o r t  
During the  conduct of a mission, the  eva lua t ion  of spacecraf t  and/or crew 

When an abnormal condi t ion  
f o r  separa te  reasons.  
s t a t u s  was requi red  i n  r e a l  t i m e  t o  exerc ise  proper  mission cont ro l .  
occurred,  a l t e r n a t e  procedures,  techniques,  o r  a c t i v i t y  plans were developed t o  ensure crew 
s a f e t y  and t o  accomplish t h e  mission objec t ives .  
ysis w a s  performed on equipment anomalies o r  f a i l u r e s .  The postmission eva lua t ion  was intended 
t o  determine t h e  s o l u t i o n s  t o  experienced problems and the  c o r r e c t i v e  a c t i o n s  t o  prevent recur- 
rence on subsequent f l i g h t s .  Each type of  eva lua t ion  was  extremely important i n  t h e  successfu l  
accomplishment of  t h e  Apollo program. 

Af te r  mission completion, a more d e t a i l e d  anal-  

The real- t ime eva lua t ion  w a s  conducted both by t h e  mission cont ro l  t e a m  i n  t h e  Mission Con- 
The many systems s p e c i a l i s t s  involved wi th  mis- t r o l  Center and by t h e  mission eva lua t ion  team. 

s i o n  prepara t ion  of t h e  f l i g h t  crew and/or equipment provided ex tens ive  support .  
eva lua t ion  of  systems served two purposes.  
ance under normal opera t ing  condi t ions.  

The real- t ime 
The f i r s t  was  t o  improve o r  optimize systems perform- 

Examples of work accomplished f o r  this purpose w e r e  b i a s  
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compensation f o r  gyro/accelerometer  values  and a t t i t u d e  c o n t r o l  conf igu ra t ion  f o r  t he  r e a c t i o n  
c o n t r o l  system p rope l l an t  balance,  The second purpose w a s ,  a f t e r  a d e t e c t i o n  of a system anomaly 
o r  f a i l u r e ,  t o  determine the  remaining systems c a p a b i l i t y  and r equ i r ed  a l t e r n a t e  ope ra t ions .  
haps the  b e s t  example of e f f o r t  of t h i s  type was  the o p e r a t i o n a l  c o n t r o l  exe rc i sed  du r ing  t h e  
Apollo 13  mission a f t e r  t h e  oxygen tank f a i l u r e  desc r ibed  i n  s e c t i o n  4.4.5. 

The real- t ime eva lua t ion  of a problem involved t h r e e  a c t i o n s :  understanding t h e  anomaly o r  
f a i l u r e ,  a s s e s s i n g  its impact,  and s e l e c t i n g  an adequate s o l u t i o n  t o  the  problem. The symptoms 
of  a problem were i d e n t i f i e d  by means of s p a c e c r a f t  telemetry and by crew ve rba l  d e s c r i p t i o n s .  
Often,  s p e c i a l  system conf igu ra t ions  o r  o p e r a t i o n a l  modes were used t o  gain g r e a t e r  i n s i g h t  i n t o  
the e x i s t i n g  cond i t ions  and t h e  e x t e n t  of  t he  problem. 
j u n c t i o n  v i t h  r e f e r e n c e  documentation such as systems drawings and ope ra t ions  handbooks t o  iso- 
l a t e  t he  sou rce  of t h e  problem. 
s a r i l y  t o  d i scove r  why t h e  f a u l t  occurred.  

Per- 

The d a t a  obtained were then used,  in con- 

Th i s  e f f o r t  w a s  conducted t o  i d e n t i f y  the  f a u l t ,  bu t  no t  neces- 

Once a problem w a s  de t ec t ed  and/or i d e n t i f i e d ,  its impact on t he  remaining mission a c t i v i t i e s  
As wi th  the  problem i t s e l f ,  t h e  r e s u l t i n g  consequences were sometimes obvious 

Where p o s s i b l e ,  a component anomaly o r  f a i l u r e  
had t o  be a s ses sed .  
but  a t  o t h e r  t imes were complicated and involved. 
would be dup l i ca t ed  i n  a s imula to r  and t h e  a f f e c t e d  ope ra t ions  exe rc i sed .  
f u l l  imp l i ca t ions  of a problem could be determined under r e a l i s t i c  cond i t ions .  

A f t e r  t h e  impact of a problem w a s  determined, t he  next  s t e p  w a s  t o  develop a l t e r n a t e  tech- 
niques o r  procedures t o  p r o t e c t  a g a i n s t  o r  completely bypass t h e  p a r t i c u l a r  problem. 
the  a c t u a l  i n t e n t  of real- t ime eva lua t ion .  The t e c h n i c a l  e x p e r t i s e  of t h e  mission c o n t r o l  team 
and the mission eva lua t ion  team was used t o  f ind  the  b e s t  s o l u t i o n  within the  t i m e  frame allowed. 
Sometimes the  s o l u t i o n  w a s  simple.  
s t e e r a b l e  antenna would no t  r e l e a s e  was overcome by a d j u s t i n g  t h e  s p a c e c r a f t  a t t i t u d e  t o  po in t  
t he  immovable antenna d i r e c t l y  a t  the e a r t h .  
ground antenna acquired c o n t a c t  w i th  the  spacec ra f t  on t h e  l and ing  r e v o l u t i o n ,  a s  w a s  o r i g i n a l l y  
planned. 
o t h e r  t r a n s m i t t i n g  antennas on the l u n a r  module. 
r equ i r ing  new o r  a d d i t i o n a l  crew c h e c k l i s t  procedures.  
t he  Apollo program was  encountered on t h e  Apollo 13 mission as a r e s u l t  of t he  p rev ious ly  men- 
t i oned  oxygen t ank  f a i l u r e .  
tems in a manner f o r  which the  systems had not been designed. The luna r  module e l e c t r i c a l  and 
environmental  r e sources  had t o  be c a r e f u l l y  managed f o r  l i f e  support  over  a longer-than-normal 
timespan. Even as the  mission neared conp le t ion ,  new procedures were necessary t o  s e p a r a t e  the  
luna r  module and then the  c r i p p l e d  s e r v i c e  module s a f e l y  from t h e  conrmand module be fo re  en t ry .  
The techniques desc r ibed ,  as w e l l  as those used t o  overcome problems on o t h e r  missions,  were 
thoroughly examined be fo re  they were a c t u a l l y  app l i ed .  
lems were demonstrated on ground t r a i n i n g  o r  s imula t ion  f a c i l i t i e s  be fo re  a c t u a l  use during the  
mission. 
of n w  techniques.  The v e r i f i c a t i o n  process  was  used t o  ensure reasonable  execut ion f e a s i b i l i t y ,  
t ime-l ine c o m p a t i b i l i t y ,  crew s a f e t y ,  and a success fu l  s o l u t i o n  t o  the  problem. 

In t h i s  manner, t h e  

This  was 

For example, a problem wherein the  Apollo 16 luna r  module 

A t t i t u d e  was maintained un t i l  a 210-foot-diameter 

With the  l a r g e  ground antenna,  high-bi t - ra te  t e l eme t ry  d a t a  could be received from 
Other problems were mre d i f f i c u l t  t o  d e a l  w i th ,  

Perhaps the  wst d i f f i c u l t  cha l l enge  of  

New techniques had t o  be developed t o  ope ra t e  the  luna r  module sys- 

Where p o s s i b l e ,  a l l  r e s o l u t i o n s  t o  prob- 

The ground trainers and s imula to r s  proved t o  be va luab le  t o o l s  in t he  v e r i f i c a t i o n  

The real-time eva lua t ion  e f f o r t  served t o  r e so lve  the  problems occur r ing  during the  mission 
t h a t  threatened crew s a f e t y  o r  t he  accomplishment of mission ob jec t ives .  
du ra t ion  of t h e  Apollo missions provided ample oppor tun i ty  t o  chal lenge t h e  r e sources  of the prob- 
lem r e s o l u t i o n  teams. 
eva lua t ion  c a p a b i l i t y .  

The complexity and long 

The success fu l  achievements of  t h e  program were enhanced by the  real- t ime 

7.7.3 P o s t f l i g h t  Evaluat ion 

Anomalies t h a t  involved f l i g h t  s a f e t y  o r  t h a t  would compromise the  accomplishment of follow- 
on mission o b j e c t i v e s  r equ i r ed  c o r r e c t i v e  a c t i o n  be fo re  t h e  next  f l i g h t .  
Apollo f l i g h t s  demanded t h a t  t h e  anomalies be qu ick ly  i d e n t i f i e d  and resolved so t h a t  prompt cor- 
r e c t i v e  a c t i o n  could be taken. Consequently, a n a l y s i s  of  t h e  p e r t i n e n t  data had t o  be compressed 
i n t o  a r e l a t i v e l y  s h o r t  t ime frame. 
lyzed t o  the e x t e n t  t h a t  t h e  mechanism f o r  t he  cause was  c l e a r l y  understood. 

The frequency of t h e  

Also, wi th in  t h i s  time frame, t h e  anomalies had t o  be ana- 

I 
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The first problem was to identify the anomalies. Many anomalies vere simple to recognize 
The uore difficult cases occured. however, when accrued because a component failed to operate. 

data from the system operations were not sufficient to understand all the normal operating char- 
acteristics. A typical example of this condition occurred on the Apollo 7 mission when the bat- 
tery recharging characteristics were below predicted levels throughout the flight. 
tests had been conducted at the component level; however, an integrated test of the entire sys- 
tem, as installed in the spacecraft, had not been conducted. 
hardware showed the same characteristics as those experienced in flight. 
indicated that high line resistance between components of the system greatly limited the amount 
of electrical energy returned to the battery. 
quire integrated system testing to establish overall system characteristics of each spacecraft 
installation and thus to ensure adequate battery recharging capability. 
total system operating characteristics had been established In ground tests, no flight problem 
would have occurred. 

At times, sufficient flight data were not available for an accurate analysis of the problem. 

Preflight 

Postflight testing of the flight 
A detailed analysis 

The corrective action for this anomaly was to re- 

In this case, if the 

This situation existed because of insufficient flight instrumentation or absence of recorded data. 
For these cases, the mission evaluation personnel relied on the information from previous mis- 
sions, the experience gained from ground tests and checkouts, and the failure history of the sys- 
tem components. 

After an anomaly was identified, the next steps were to determine the cause and implement 
the corrective action. Two basic techniques were used to determine the answer. The first was 
experimental, and testing of the actual or identical flight hardware was conducted under aimu- 
lated static or dynamic conditions of temperature, pressure, load, or electrical environment. 
The second technique was analytical, and classical methods were generally used. One or both 
techniques were used, depending on the nature of the problem. In all cases, the most expedient 
approach in terms of time and cost was taken. 

The depth and the extent of the analysis varied considerably, depending on the significance 
of the problem. 
cussed in sec. 4.4.2) required the investigation of several possible failure modes and the im- 
plementation of a number of corrective measures, In other cases, because of the nature of the 
problem, no corrective action was taken. 
Apollo 11 entry monitor system velocity counter would not illuminate. 
lem was highly unlikely because of the number of satisfactory activations before the recorded 
failure. 
no previous failure had occurred in any of these areas. 
cient redundancy to accommodate this ty-pe of problem. 
taken in such cases. 

For example, the failure of the Apollo 6 spacecraft/lunar module adapter (dis- 

For example, an electroluminescent segment of the 
A generic or design prob- 

A circuit analysis produced numerous mechanisms which could cause the failure; however, 
The spacecraft was designed with suffi- 

Consequently, no corrective action was 

The causes of anomalies involved quality, design, and procedure considerations. The sub- 
standard quality items included broken wires, improper solder joints, incorrect tolerances and 
improper manufacturing procedures. 
of a quality problem. System anomalies caused by design deficiencies were generally traced to 
inadequate design criteria. Consequently, the deficiency passed development and qualification 
testing without being detected but appeared during flight under the actual operational environ- 
ment. For example, a design deficiency became apparent during the Apollo 7 flight when the com- 
mand module windows fogged between the inner surfaces of three windowpanes. A postflight exam- 
ination showed that the fogging was produced by outgassing of room-temperature-cured material 
that had been used to seal the window. The design criteria had not required the sealing material 
to be heat cured or vacuum cured, a procedure that would have prevented outgassing when the mate- 
rial was exposed to the operating temperature and pressure environment of the spacecraft during 
flight. Correction of procedural problems in operating various systems and equipment was usually 
simple. An example of a procedural problem occurred when a camera struck an Apollo 12 crewman 
at landing. Had the flight plan or the crew checklist required stowage of this camera before 
landing, the incident would not have occurred. 

The structural failure of the Apollo 6 adapter is an example 

An additional search for causes of anomalies was conducted when the command module was re- 
Those systems or components that turned to the contractor's facility for a general inspection. 

had been identified as having a problem or failure were either removed from the vehicle and 
tested or tests were performed with the affected equipment in position in the conrmand module. 
In general, the postflight tests were limited to those components that were required to solve 
the inflight problem. 
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The concerted e f f o r t  i n i t i a t e d  t o  so lve  anomalies during the f l i g h t  was continued a f t e r  t h e  
mission u n t i l  each problem w a s  resolved and the  requi red  c o r r e c t i v e  a c t i o n  was e s t a b l i s h e d .  This  
a c t i v i t y  required c lose  coordinat ion and cooperat ion between the  var ious  government and contrac-  
t o r  elements.  Prompt and exact  a n a l y s i s  f o r  the  understanding and t imely s o l u t i o n  of  each prob- 
l e m  was emphasized. To accomplish t h i s  t a s k ,  a problem list vas  maintained during and a f t e r  each 
f l i g h t .  The list contained a d iscuss ion  of each problem, t h e  ac t ion  being taken t o  reso lve  t h e  
problem, the  name of  t h e  government engineer  or cont rac tor  responsible  f o r  completing t h e  a c t i o n ,  
and t h e  a n t i c i p a t e d  c l o s u r e  date .  

A d i scuss ion  of the  most s i g n i f i c a n t  problems w a s  published after t h e  f l i g h t  in a 30-day 
f a i l u r e  and anomaly repor t .  Discussed in t h i s  repor t  were analyses  of  the  anomalies and correc-  
t i v e  a c t i o n s  t h a t  had been o r  would be taken. The Mission Report ,  which w a s  publ ished approxi- 
mately 60 t o  90 days after t h e  mission, included a s e c t i o n  which discussed t h e  most s i g n i f i c a n t  
f l i g h t  anomalies and the  c o r r e c t i v e  a c t i o n  f o r  each anomaly t h a t  w a s  c losed  out  a t  the  t i m e  of 
publ ica t ion .  
periments s e c t i o n  of t h e  Mission Report. 
angmaly t h a t  had not  been resolved i n  t i n e  f o r  publ ica t ion  in the  Mission Report .  

Problems of lesser s i g n i f i c a n c e  were discussed i n  t h e  appropr ia te  system o r  ex- 
A separa te  repor t  w a s  published subsequently f o r  each 

7-1. 

7-2. 

7-3. 

7-4. 

7-5 * 

7-6. 

7-7. 

7-8. 

7-9. 

7-10. 

7-11. 

7-12. 

7-13. 

7-14. 

*7-15. 

7.8 REFERENCES 

Apollo 16 Mission Report ,  MSC-07230, 1972. 

Cappel la r i ,  J .  O . ,  Jr. ,  ed.: 
B e l l  System Technical  Journa l ,  vol .  51, no. 5 ,  1972. 

Apollo 17 Descent Target ing Errors ,  MSC-07002, 1972. 

Apollo 17 Lunar Landmark Locations and O f f s e t s ,  MSC-07503, 1972. 

Apollo 17 Lunar Trajec tory  Notes, MSC-07565, 1972. 

F i n a l  F l i g h t  Crew Charts f o r  Apollo 1 7  -.Launch December 6,  1972, c.8.t. (Dec. 7 ,  1972, 
G . m . t . ) ,  MSC-07614. 1972. 

F i n a l  Prelaunch Navigation Erasable  Load f o r  Apollo 17 ,  MSC-07373, 1972. 

Operat ional  Abort Plan - Apollo 17 ,  Launch December 6 ,  1972, c.8.t. (Dec. 7. 1972, G.m.t.), 
Volume I - Launch Phase, MSC-07372, 1972. 

Operat ional  Consunables Analysis - Apollo 1 7 ,  Launch December 6,  1972, c .8 . t .  (Dec. 7 ,  
1972, G . m . t . 1 ,  Volrnne - ECS and EPS Analyses, MsC-07354, 1972. 

Operat ional  Spacecraf t  A t t i t u d e  Timeline - Apollo 1 7 ,  Launch December 6,  1972, c .8 . t .  
(Dec. 7 ,  1972, C.m.t.1, MSC-07568, 1972. 

Operat ional  Tra jec tory  Simulator Data Package f o r  Apollo 17,  Launch December 6 ,  1972, 
c . s .~ .  (Dec. 7,  1972, G.m.t .1.  MSC-07271, 1972. 

Spacecraf t  Operat ional  Tra jec tory  - Apollo 17, Launch December 6,  1972, c . s . ~ .  (Dec. 7,  
1972. G.m.t.), Volume I - Mission P r o f i l e ,  EC-07197, 1972. 

Analysis of Apollo 1 2  Lightning Inc ident ,  MSC-01540, 1970. 

Pos te r ,  G. B., Jr.: Data Management f o r  P o s t f l i g h t  Engineering Evaluation. 
per ience  Report ,  NASA TN D-7684. May 1974. 

Fr icke,  R. W.: 

Where on t h e  Moon? An Apollo Systems Engineering Problem. 

Apollo Ex- 

Engineering and Analysis Mission Support. Apollo Experience Report. 

# 



i. 7-29 

*7-16. Lobb, J. D.: Fl ight  Anomaly Resolution. Apollo Experience Report. 

7-17.  Hamilton, D .  T .  Postf l ight  Testing of Apollo.Comnand Modules. Apollo Experience Report, 
NASA RJ D-7435. September 1973. 

*7-18. Dodson, J .  W .  and Cordiner, D.  H . :  Mission Evaluation Team Postf l ight  Documentation. 
Apollo Experience Report. 

f 

q h e s e  reports are being processed for publication i n  NASA TN D s e r i e s .  



. 



t 
8.0 BIOMEDICAL SlJM&UtY 
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The initial medical consideration in the Apollo program was the preservation of the health 
and safety of the flight crews. 
considerations as well. 
astronauts traveling to another planetary body. 
during the missions. 
that extraterrestrial exploration carried with it the possibility of introducing foreign material 
into the earth's biosphere that might be harmful to life. 
institution of a lunar quarantine program. 
be unfounded after careful examination of the crews and lunar samples after each of the first 
three lunar landings. Therefore, the quarantine requirement was eliminated for the final mis- 
sions. 

However, many of the biomedical activities were based upon other 
The acquisition of new medical and biological data wae mede possible by 

Along wlth the opportunity to acquire new knowledge, however, was the fact 

This possibility was minimized by the 

Several biomedical experiments were conducted 

The fear of biological back contamination proved to 

Manls ability to tolerate the conditions of space flight for periods up to 2 weeks had been 
Since all Apollo flights were planned to be of shorter dur- demonstrated in the Gemini program. 

ation, the effects of weightlessness on the body were not expected to be a serious threat to crew 
health or a detriment to the accomplishment of the Apollo program. 
although some cardiovascular deconditioning did occur. 

This was indeed the case, 

A few new medical problems arose in the course of the program. Motion sickness occurred on 
several flights while the crewmembers were adapting to the zero-gravity environment and large 
departures from normal circadian periodicity on several flights resulted in crew fatigue. An 
initial concern was the degree of radiation to which the Apollo crewmen would be exposed. For- 
tunately, a major flare did not occur during a mission, and the radiation dose was below the 
threshold of detectable medical effects for all crewmen. Exposure of crewmembers to infectious 
diseases prior to flight was a problem for the first several flights but was adequately managed 
by the establishment of a preflight crew health stabilization program. 

The crews of the eleven Apollo flights accumulated a total of approximately 7506 man-hours 
of space flight. 
limits during all flights except the Apollo 15 mission. 
modules, lunar modules and extravehicular uobility units provided environments that allowed the 
program objectives to be achieved vithout compromising crew health or safety. 
ical results are contained in references 8-1 through 8-11. 

Physiological measurements obtained during the flights remained within expected 
The life support systems of the conrmand 

Details of biomed- 

8.1 PREFLIGllT MEDICAL PROGRAM 

8.1.1 Flight Crew Realth Stabilization 

Many conditions that are characteristic of the environment vithin a manned spacecraft are 
Since infectious disease represents conducive to the development and transmission of disease. 

a serious threat to the health of crewmembers and to the successful completion of missions, con- 
trol and prevention are the most effective ways to deal vith this potential problem. Control 
and prevention are m s t  critical during the last few weeks before a manned mission. 

Statistics recorded during the Apollo 7 through Apollo 11 missions show that 57.2 percent of 
the crewmembers were ill at some time during the preflight period. Based on obsexvations of the 
first several flights and on the observation of crewmember activities during earlier manned Mer- 
cury and Gemini missions, the flight crew health stabilization program was developed and imple- 
mented for the Apollo 14 and subsequent missions. The elements of the program were designed to 
minimlze exposure of crewmembers to infectious disease which might result in the subsequent de- 
velopment of symptoms during flight. Each program element is discussed. 

8.1.1.1 Clinical medicine.- A clinical medicine program was provided for all crewmembers 
and their families. 
Both routine and special physical examinations were provided. 
effective treatment were ensured by the VirOlOgy, bacteriology, immunology, serology, and bio- 
chemistry laboratories at the Manned Spacecraft Center. 

The program was continuous as long as the crewmembers were on flight status. 
Rapid diagnosis of disease and 
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8.1.1.2 Immunolo~.-  A l l  known i m u n i z a t i o n s  were c a r e f u l l y  reviewed by NASA medical per- 
sonnel and by a spec ia l  microbiology advisory corn i t tee .  The i m u n i z a t i o n s  l i s t e d  in t a b l e  8-1 
were those used f o r  crewmembers and t h e i r  fami l ies .  Other ava i lab le  immunizations were not in- 
cluded i f :  

a. Disease prevention was questionable. 

b. 

c. 

A high percentage of traumatic s i d e  reac t ions  occurred. 

The probabi l i ty  of  crew exposure t o  the  disease agent was so remote t h a t  i m u n i z a t i o n  
was unwarranted. 

Crewmembers and t h e i r  fami l ies  were imnunized only a f t e r  se ro logica l  tests were performed 
t o  determine imnunity l e v e l s .  

8.1.1.3 Exposure prevention.- Prevention of crew exposure t o  d isease  w a s  t h e  most important 
aspect  of the program. 
if the  exposure t o  infec t ious  diseases  had not been minimized o r  e l iminated,  t h e  program as a 
whole would not have been successful .  

Regardless of  the ef fec t iveness  of a l l  the  o ther  phases o f  t h e  program, 

Contaminated inanimate o b j e c t s  probably represent  the  least hazardous source of in fec t ious  
diseases .  
by providing ind iv idua l  headsets and microphones f o r  each crewman. 

Eowever, c e r t a i n  spacecraf t  areas such aa the  communications equipment were cont ro l led  

To prevent air-borne transmission of an in fec t ious  d isease ,  a c lose ly  control led environment 
was provided in which crewmembers could r e s i d e  during t h e  prelaunch period. 
crewmembers inhabi ted had t o  be m d i f i e d  by the  i n s t a l l a t i o n  of ul t rahigh-eff ic iency b a c t e r i a l  
f i l t e r s  i n  a l l  air-supply ducts. Thus, an environment w a s  provided in which crewmembers could 
res ide  and work wlthout being exposed t o  microbial agents  from o t h e r  sources. 
providing f i l t e r e d  a i r ,  the air-handling s y s t e m  were balanced in a manner t h a t  provided higher  
atmospheric pressure in those areas inhabi ted by the crew. 
was  outward r a t h e r  than inward. 

A l l  a reas  which t h e  

In addi t ion  t o  

In t h i s  s i t u a t i o n ,  a l l  a i r  leakage 

The food consumed by the  crew w a s  a l s o  a p o t e n t i a l  source of in fec t ious  micro-organisms. 
No set p a t t e r n  of food procurement was es tab l i shed  t o  reduce acc identa l  sources of in fec t ion .  
The procurement of food f o r  the l i v i n g  quar te rs  was handled by cooks under the  d i r e c t  supervis ion 
of the  medical team. 
evaluat ion t o  ensure the safe ty  of the  food. Also, a l l  food preparat ion a r e a s  were inspected 
d a i l y  f o r  c leanl iness  and maintenance of sanitary conditions. 

Port ions of each l o t  of food purchased Were subjected t o  microbiological 

Drinldng water was another p o t e n t i a l  source of in fec t ious  disease agents .  Sources of  drink- 
ing water were l imi ted  t o  dr inking fountains  in the crew quar te rs  and var ious working areas. 
insure  that the  m n i c i p a l  water-treatment procedures were s a t i s f a c t o r y  and t h a t  s a f e  water was 
provided, d a i l y  water samples vere taken and subjected t o  microbiological evaluation. 

To 

Personal contac ts  represented the  g r e a t e s t  source of in fec t ious  disease;  consequently, min- 
imizing possible  exposure t o  disease from t h i s  source was required. F i r s t ,  t h e  a r e a s  v i s i t e d  by 
crewmembers were vary r e s t r i c t e d ,  and the  number of persons in contact  with the  crew during pre- 
mission activities was l imi ted  t o  approximately 150. 
the primary contac ts  was i n s t i t u t e d .  
i t y  of d i sease  transmisoion from the persons who did have contact  with the  f l i g h t  crewmembers 
was low. 

Second, a uedica l  surve i l lance  program of 
The purpose of the  program w a s  t o  ensure t h a t  the  probabil- 

1 . 

c 

The aucccio o f  the f l i g h t  crew hea l th  s t a b i l i z a t i o n  program, implemented in support of t h e  
Apollo 14,  15, 16, and 17 missions, waB evidenced by the  complete absence of i l l n e s s e s  during 
the  p r e f l i g h t ,  i n f l i g h t ,  o r  p o e t f l i g h t  periodo. 

4 
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TABLE 8-1 .- APOLLO PROGRAM IMMUNIZATION REQUIREMENTS~ 

Disease 

Dip t h e r i a  

Pe r  t u s s  is 

Tetanus 

Typhoid 

In f luenza  

Mumps 

Po l iomye l i t i s  

Rubel la  

Rubeola 

Smallpox 

Yellow Fever 

Other 

Required 
immunization 
f o r  crewmen 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

b 

b 

b 

( 4  

Required 
immunization 
f o r  members 
of crewmen's 

families 

Yes 

Y e s  

Yes 

No 

No 

Yes 

Yes 

Y e s  

Y e s  

Yes 

No 

(c) 

a 

Heal th  Se rv ice  and of t h e  American Pub l i c  Heal th  a s s o c i a t i o n .  

bImmunization i f  no s e r o l o g i c  response was obtained.  

Recommended by personnel  of t h e  United S t a t e s  Publ ic  

C Only as i nd ica t ed  f o r  travel t o  endemic areas, 

c 



8-4 

8.1.2 P r e f l i g h t  Physical  Examinations 

P r e f l i g h t  phys ica l  examinations were performed t o  eva lua te  each f l i g h t  crew's physical  con- 
d i t i o n ,  and t o  d e t e c t  and treat any minor physical  problems which might comprodse f l i g h t  objec- 
t i v e s ,  o r  the  h e a l t h  and s a f e t y  of the  crew. For Apollo 7, t h e  comprehensive p r e f l i g h t  examin- 
a t i o n  was performed 4 days p r i o r  t o  f l i g h t ,  while a prel iminary examination was accomplished 14  
days p r i o r  t o  launch and a cursory phys ica l  examination was  performed on the  morning of  launch. 
For Apollo missions 8, 9, and 10, four  p r e f l i g h t  medical eva lua t ions  were accomplished, beginning 
approximately 30 days p r i o r  t o  t h e  scheduled launch da te .  A 3-day postponement of t h e  Apollo 9 
launch r e s u l t e d  when a l l  the  crewmen developed common colds .  
t i n u i n g  through Apollo 17,  d a i l y  examinations were conducted f o r  the  5 days i m e d i a t e l y  preced- 
ing  launch. 

S t a r t i n g  wi th  Apollo 11 and con- 

The Command Module P i l o t  on Apollo 1 3  was exposed t o  r u b e l l a  8 days before  t h e  f l i g h t  and 
s i n c e  labora tory  s t u d i e s  f a i l e d  t o  demonstrate an i m u n i t y  to r u b e l l a ,  a dec is ion  was made on 
the  day p r i o r  t o  launch t o  rep lace  the  primary Comnand Module P i l o t  with t h e  backup Couunand Mod- 
u l e  P i l o t .  A complete physical  examination w a s  conducted on the  backup Couunand Module P i l o t  and 
he was found f i t  f o r  f l i g h t .  

a.  2 MEDICAL OBSERVATIONS 

8.2.1 Cabin Environment and Toxicology 

P r i o r  t o  t h e  Apollo program, United S t a t e s  spacecraf t  were launched with a 100-percent oxygen 
cabin atmosphere. 
w a s  the use of  a mixed oxygen and ni t rogen cabin atmosphere during the  prelaunch and launch per l -  
ods. 
f l i g h t  crew deni t rogenated p r i o r  t o  launch and remained i s o l a t e d  i n  t h e  100-percent oxygen en- 
vironment of the  s u i t  loop u n t i l  helmets and gloves were doffed.  

Following the d i s a s t r o u s  Apollo I f i r e ,  one of t h e  s a f e t y  measures introduced 

The cabin atmosphere w a s  changed t o  pure oxygen during t h e  e a r l y  phase of f l i g h t .  The 

The Apollo 7 spacecraf t  was t h e  f i r s t  t o  be launched with t h e  mixed-gas cabin atmosphere. 
The oxygen enrichment curve followed t h e  pred ic ted  curve f a i r l y  w e l l ,  but  i t  d i d  not  increase  as 
f a s t  a s  pred ic ted  because t h e  cabin l e a k  rate w a s  lower than expected. The maximum cabin  oxygen 
concent ra t ion  measured during t h e  f l i g h t  was 97 percent  (255 mm Hg) a t  236 hours.  
equivalency was never above sea l e v e l  (i.e.. oxygen p a r t i a l  p ressure  was always g r e a t e r  than 
t h a t  a t  sea l e v e l ) .  The cabin oxygen enrichment technique w a s  t h u s  v e r i f i e d  by t h e  Apollo 7 
f l i g h t  and used on all successive f l i g h t s  through Apollo 17. 

The a l t i t u d e  

During the  Apollo 10 mission, t h e  H-film i n s u l a t i o n  near  t h e  comand module hatch vent  de- 
tached when the docking tunnel  was pressur ized ,  and f i b e r g l a s s  i n s u l a t i o n  underneath t h i s  f i l m  
w a s  blown i n t o  t h e  tunnel  ( r e f .  8-4). When the  hatch w a s  opened, t h e  f i b e r g l a s s  material perme- 
a t e d  the  atmosphere of t h e  command module. 
the  command module ha tch  vent ,  a l a r g e  amount of f i b e r g l a s s  w a s  blown i n t o  t h e  l u n a r  module. 
Pieces  of t h e  material ranged from 2 inches in diameter t o  dust-s ize  p a r t i c l e s .  
and u t i l i t y  towels were used t o  c o l l e c t  p a r t  of the  loose f i b e r g l a s s .  
terial  w a s  c o l l e c t e d  i n  the  filters of  the  environmental c o n t r o l  system. However, small p a r t i -  
cles of f i b e r g l a s s  were s t i l l  present  i n  the  comrmand module cabin atmosphere a t  recovery. 
g l a s s  i n s u l a t i o n  is a s k i n  and mucous membrane i r r i t a n t  and caused t h e  crew t o  be uncomfortable 
in f l i g h t .  
s t u f f i n e s s .  mild eye i r r i t a t i o n ,  and some sk in  rash.  

Also, when the  lunar  module was pressur ized  through 

Wet paper t i s s u e s  
Most of  t h e  remaining ma- 

Fiber- 

The e f f e c t s  on the  Apollo 10 crew cons is ted  of  scratchy t h r o a t s ,  coughing, n a s a l  

A f t e r  the Apollo 1 3  abor t  dec is ion ,  one major medical concern w a s  t h e  p o s s i b i l i t y  of carbon 
dioxide bui ldup i n  the lunar module a t m s p h e r e .  
buildup was  increased the  carbon dioxide l e v e l  was above t h e  nominal 7.6 m Hg f o r  only a 4-hour 
per iod,  and no adverse phys io logica l  e f f e c t s  o r  degradat ion i n  crew performance r e s u l t e d  from 
t h i s  e leva ted  concentrat ion.  Modified use of t h e  l i t h i u m  hydroxide c a r t r i d g e s  ( r e f .  8-7) main- 
ta ined  t h e  carbon dioxide p a r t i a l  p ressure  ell below 1 mn Rg f o r  the  remainder of t h e  f l i g h t .  

Although t h e  allowable l i m i t  of carbon dioxide 

- 
c 

. 
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8.2.2 Radiation 

Various instruments were used during the Apollo program t o  monitor and record the  degree of  

I n  addi t ion ,  t h e  crewmen wore passtve dosimeters t o  measure t o t a l  
Other i n s t r u -  

A w v i n g  emulsion p a r t i c l e  d e t e c t o r  apparatus  was worn f o r  s h o r t  

crew exposure t o  rad ia t ion .  
t o t a l  absorbed dose received. 
r a d i a t i o n  received a t  s p e c i f i c  body loca t ions  such as t h e  ches t ,  th igh  and ankle .  
ments were i n s t a l l e d  in the spacecraf t  which provided data t o  the  ground and permit ted m n i t o r i n g  
of t h e  r a d i a t i o n  environments. 
per iods by crewmen of the f i n a l  two missions t o  provide d a t a  f o r  i n v e s t i g a t i o n  of  v i s u a l  sensa- 
t i o n s  of l i g h t  f l a s h e s  experienced by severa l  crewmen on previous f l i g h t s .  

Each crewman c a r r i e d  a personal  r a d i a t i o n  dosimeter t o  measure the  

8.2.2.1 Radiation dose.- Uo data  were reported f o r  the  Apollo 7 and Apollo 8 missions. For 
the remaining missions, t h e  total  r a d i a t i o n  dose absorbed by any crewman w a s  w e l l  below the thresh- 
o ld  of de tec tab le  medical  e f f e c t s  ( r e f .  8-12). 

b 
4 

During the  Apollo 12 mission, approximately half  o f  t h e  t o t a l  dose recorded on the personal  
rad ia t ion  dosimeters was received during the phase j u s t  p r i o r  t o  en t ry .  
pected because of a d i f f e r e n t  t r a j e c t o r y  which resu l ted  i n  a longer  t i m e  going through the Van 
Allen b e l t s .  

T h i s  d i s p a r i t y  was ex- 

The rad ia t ion  doses received by the  Apollo 14 crewmen were the  l a r g e s t  observed on any 
Apollo mission; however, they were w e l l  below the threshold of d e t e c t a b l e  medical e f f e c t s .  The 
magnitudes of the r a d i a t i o n  doses were apparent ly  the result of two f a c t o r s :  (1) the  t rans lunar  
i n j e c t i o n  t r a j e c t o r y  l a y  c l o s e r  t o  the plane of the  geomagnetic equator than t h a t  of previous 
f l i g h t s  and, therefore ,  the spacecraf t  t rave led  through the  h e a r t  of the trapped r a d i a t i o n  b e l t s ;  
(2) the space r a d i a t i o n  background was g r e a t e r  than t h a t  previously experienced. 

Three minor s o l a r  f l a r e s  occurred on the  Apollo 16 mission. 
de tec t ion  system r e g i s t e r e d  a s l i g h t  increase in proton and alpha p a r t i c l e  f luxes ,  no measureable 
r a d i a t i o n  dose increment w a s  received by the crew from these  f l a r e s .  

Although t h e  nuclear  p a r t i c l e  

8.2.2.2 Visual l i g h t  f l a s h  phenomenon.- Astronauts of Apollo 11 and subsequent lunar  mis- 
s ions  tepor ted  seeing f l a s h e s  of l i g h t  while re lax ing  in the  darkened command module or while 
wearing l i g h t - t i g h t  eye shades. These events  were general ly  descr ibed a s  c o l o r l e s s  s t a r - l i k e  
f l a s h e s ,  narrow s t r e a k s  of l i g h t ,  o r  d i f f u s e  l i g h t  f lashes .  The f l a s h e s  were obsemed during 
t rans lunar  coas t ,  in lunar  o r b i t ,  on the  lunar  sur face ,  and during t r a n s e a r t h  coas t .  The f re -  
quency of occurrence of the l i g h t  f l a s h e s  t y p i c a l l y  averaged about one f l a s h  every 1 t o  2 min- 
u t e s .  

Evaluation of r e p o r t s  obtained from Apollo crewmen has  es tab l i shed  the  r e a l i t y  of the phe- 
nomenon. The hypothesis general ly  accepted to  explain the o r i g i n  of the l i g h t  f l a s h e s  involves 
exposure t o  high-energy cosmic ray p a r t i c l e s .  One o r  both of the fol lowing mechanisms a r e  sug- 
gested:  (1) r e l a t i v i s t i c  cosmic ray p a r t i c l e s  passing through the eye emit Cerenkov r a d i a t i o n  
t h a t  produces the l i g h t  f l a s h  sensat ions;  (2) d i r e c t  i n t e r a c t i o n s  of high-energy cosmic ray par- 
t i c l e s  o r  t h e i r  secondaries with the  r e t i n a l  cells o r  assoc ia ted  o p t i c  n e m e  t i s s u e s  produce the 
l i g h t  f l a s h  sensat ions.  Results of labora tory  experiments during which human s u b j e c t s  were ex- 
posed t o  X-ray and severa l  types of p a r t i c u l a t e  r a d i a t i o n  have shown t h a t  such r a d i a t i o n  does 
produce s i m i l a r  l i g h t  f l a s h  sensa.tions, and f u r t h e r  suggests  t h a t  mst of t h e  l i g h t  f l a s h e s  ob- 
served by the Apollo as t ronauts  are due t o  d i r e c t  i n t e r a c t i o n s  of ion iz ing  r a d i a t i o n  with c e l l s  
of the v i s u a l  nervous eystem. 

8.2.3 Adaptation to  Weightlessness 

With only two except ions,  the crewmen f o r  all eleven f l i g h t s  experienced a fullness-of-the- 
head f e e l i n g  upon o r b i t a l  i n s e r t i o n .  
4 hours t o  3 days. 

The pers i s tence  of the  f e e l i n g  was v a r i a b l e ,  l a s t i n g  from 

A l l  th ree  Apollo 8 crewmembers experienced nausea soon a f t e r  leav ing  t h e i r  couches. The 
Apollo 9 Conrmand Module P i l o t  and Lunar Module P i l o t ,  the  Apollo 1 0  Lunar Module P i l o t ,  the  
Apollo 13 Lunar Module P i l o t ,  and the Apollo 15 Lunar Module P i l o t  a l s o  experienced nausea. 
addi t ion ,  the  Apollo 9 Comand Module P i l o t  and Lunar Module P i l o t  reported momentary episodes 

In  
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of s p a t i a l  d i s o r i e n t a t i o n .  
d i d  not  experience any pronounced nausea. In some of these  cases .  t h e  nausea appears  t o  have 
been the  r e s u l t  of r a p i d  body movement before  adapta t ion  t o  weight lessness .  
o r  were absent  when the  crewmen performed a l l  nmvements slowly during t h e  per iod of  adapta t ion .  
There was no recurrence of  the problem a f t e r  adapta t ion  t o  the  weight less  state. S p e c i f i c  head 
movement exerc ises  a l s o  helped t o  a c c e l e r a t e  adapta t ion  t o  weight lessness .  

A l l  t h r e e  members of  t h e  Apollo 1 7  crew had "stomach awareness" but  

Symptoms subsided 

The crews of  the  Apollo 7, 12,  14,  and 15 missions reported soreness  o f  the  back muscles. 
Although a c a l i b r a t e d  This condi t ion  was r e l i e v e d  by exerc ise  and hyperextension of t h e  back. 

i n f l i g h t  exerc ise  program was not  planned f o r  any of t h e  f l i g h t s ,  an e x e r c i s e  device was pro- 
vided.  
minutes when i n  t h e  command m d u l e .  

The crewmen t y p i c a l l y  used the  e x e r c i s e r  s e v e r a l  times a day f o r  per iods of 15 t o  30 

Another condi t ion  r e s u l t i n g  from the  lack  of g r a v i t a t i o n a l  p u l l  w a s  puf f iness  of t h e  face.  
This symptom was s p e c i f i c a l l y  repor ted  by the  crews of t h e  Apollo 11, 12,  13  and 15 missions; 
however, i t  probably occurred on a l l  the  f l i g h t s .  

8.2.4 Work/Rest Cycles 

Based on previous f l i g h t  experience,  simultaneous crew r e s t  per iods  were i n s t i t u t e d .  and 
were referenced t o  a crew's normal launch site s leep  cyc le .  
u t i l i z e  the  simultaneous rest per iods.  
caused problems during most of t h e  f l i g h t s .  Since the  problems impacting t h e  scheduled sleep 
programa d i f f e r e d ,  unique occurrences f o r  each f l i g h t  are discussed ind iv idua l ly .  

Apollo 7: 

The Apollo 9 crew was the  f i r s t  t o  
Departures from t h e  crew's normal c i r c a d i a n  p e r i o d i c i t y  

a. A t  least one crewmn remained on watch while the o t h e r s  s l e p t  during t h e  

Large depar tures  from the  crew's normal c i r c a d i a n  p e r i o d i c i t y  caused problems 

The amount o f  s leep  each crewman 

Apollo 7 mission. Simultaneous s leep was precluded because i t  w a s  the  f i r s t  manned f l i g h t  of a 
new spacecraf t .  
during t h e  mission. The crew s l e p t  poorly f o r  about the  first 3 days of the  f l i g h t  and experi-  
enced both r e s t f u l  and poor s leep  a f t e r  t h a t  period of time. 
obtained was indeterminable.  

b 

I 
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b. Apollo 8: A very busy f l i g h t  schedule f o r  Apollo 8 precluded simultaneous s l e e p  and 
r e s u l t e d  in l a r g e  depar tures  from normal c i r c a d i a n  p e r i o d i c i t y  and consequent f a t i g u e .  
t o  t h e  f l i g h t  p lan  were required because of the  crew f a t i g u e ,  p a r t i c u l a r l y  during t h e  las t  few 
o r b i t s  before  the t r a n s e a r t h  i n j e c t i o n  maneuver. 

Changes 

c. Apollo 9: Apollo 9 ,  the  f i r s t  mission i n  which a l l  t h r e e  crewmen s l e p t  s imultaneously,  
was a d e f i n i t e  improvement over  t h e  previous two missions in observed est imated quant i ty  and 
q u a l i t y  of s leep .  
c a l  examination on recovery day. However, the  crew workload during the  l a s t  5 days o f  f l i g h t  
was s i g n i f i c a n t l y  l i g h t e r  than on previous missions, which undoubtedly cont r ibu ted  to t h e  ab- 
sence of  fa t igue .  

The l a c k  of p o s t f l i g h t  f a t i g u e  wae correspondingly evident  dur ing  t h e  physi- 

The f l i g h t  p lan  a c t i v i t i e s  for t h e  first half of t h e  mission r e s u l t e d  i n  excess ive ly  long 

Departures from the crew's normal c i r c a d i a n  per io-  
work per iods f o r  the  crew, and t h e  time a l l o c a t e d  f o r  e a t i n g  and s leeping  w a s  inadequate.  
performance, nonetheless ,  w a s  outstanding. 
d i c i t y  a l s o  cont r ibu ted  t o  some l o s s  of s leep  during this t i m e .  
their s leep  per iods  which var ied  from 3 t o  6 hours from t h e i r  prelaunch s l e e p  per iods.  

C r e w  

The crew experienced a s h i f t  in 

d. Apollo 10: The t h r e e  Apollo 10  crewmen were scheduled t o  s l e e p  simultaneously and, i n  - 
general ,  e l e p t  very w e l l  dur ing t h e  n ine  periods.  w 

e. Apollo 11: The crewmen s l e p t  w e l l  in t h e  cormnand module. The simultaneous s l e e p  per iods  
during the translunar coast were c a r e f u l l y  m n i t o r e d ,  and the crew a r r i v e d  on t h e  l u n a r  s u r f a c e  
w e l l  res ted .  
f l i g h t  p lan  but  t h e  s leep  per iod was not  required.  
module fo l lov ing  the lunar sur face  a c t i v i t y ;  however, they s l e p t  w e l l  dur ing a l l  t h r e e  t r a n s e a r t h  
s leep  per iods.  

A 4-hour s leep  per iod p r i o r  t o  t h e  ex t ravehicu lar  a c t i v i t y  w a s  provided i n  t h e  
The crewmen s l e p t  very l i t t l e  in t h e  l u n a r  

i 
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f .  Apollo 12: Sleep pe r iods  during t h e  t r a n s l u n a r  c o a s t  phase of t h e  Apollo 12  mission 
began approximately 7 t o  9 hours a f t e r  t h e  crew's normal bedtime o f  11 p.m. 
p a r t i c u l a r  t r o u b l e  i n  adapt ing t o  t h e  s h i f t e d  s l e e p  pe r iods ;  however, t h e  f i r s t  f l i g h t  day was 
extremely long ,  and the  crew was thoroughly f a t i g u e d  by t h e  time t h e  f i r s t  s l e e p  pe r iod  began 
17 hours a f t e r  l i f t - o f f .  

The crew had no 

The crewmen s l e p t  w e l l  i n  t h e  cormand uudule du r ing  t h e  t r a n s l u n a r  and t r a n s e a r t h  c o a s t  
phases.  
c o a s t ,  s l e e p  pe r iods  were considered by t h e  crew t o  be longe r  than  necessa ry ,  s i n c e  they would 
i n v a r i a b l y  awaken about 1 hour ahead of t ime and w u l d  usua l ly  remain i n  t h e i r  s l e e p  s t a t i o n s  
u n t i l  t ime f o r  r a d i o  con tac t .  

Even though the  Lunar Module P i l o t  took a t  l e a s t  two unscheduled naps du r ing  t r a n s e a r t h  

The crew s l e p t  approximately 3 hours i n  t h e  l u n a r  module on t h e  l u n a r  s u r f a c e  p r i o r  t o  t h e  
second e x t r a v e h i c u l a r  a c t i v i t y  per iod.  In t h e  nex t  s l e e p  pe r iod ,  fol lowing rendezvous and dock- 
i n g ,  a l l  t h r e e  crewmen i n  the  cornmand module s l e p t  only 3 o r  4 hours ,  which was  less than  d e s i r -  
ab le .  

g .  Apollo 13: The Apollo 13 crew s l e p t  w e l l  t h e  f i r s t  2 days o f  t h e  mission. A l l  crewmen 
During t h e  second pe r iod ,  t h e  Commander, 

The t h i r d  
s l e p t  about 5-1/2 hours  du r ing  the  f i r s t  s l e e p  pe r iod .  
Command Module P i l o t  and Lunar Module P i l o t  s l e p t  5. 6 ,  and 9 hours ,  r e s p e c t i v e l y .  
s l e e p  pe r iod  was scheduled t o  begin 6 1  hours a f t e r  l i f t - o f f ,  but  f a i l u r e  of  t h e  oxygen tank a t  
56 hours precluded s l e e p  by any of t h e  crew u n t i l  approximately 80 hours of  f l i g h t  time had 
elapsed.  

After the  i n c i d e n t ,  t he  comand module was used as s l eep ing  q u a r t e r s  u n t i l  t he  cab in  temper- 
a t u r e  became t o o  co ld  (approximately 43' PI. 
u l e  o r  the docking tunnel ,  but t h e  temperature  in t hese  areas a l s o  dropped t o o  low f o r  prolonged, 
sound s l e e p .  I n  a d d i t i o n ,  coo lan t  pump no i se  from t h e  l u n a r  module and f r equen t  communications 
wi th  the  ground f u r t h e r  hindered s l eep .  The t o t a l  s l e e p  obtained by each crewman dur ing  t h e  re- 
m i n d e r  of t he  mission is es t ima ted  t o  have been 11, 12 ,  and 19 hours f o r  t h e  Commander, Conrmartd 
Module P i l o t ,  and Lunar Module P i l o t ,  r e spec t ive ly .  

The crew then attempted t o  s l e e p  in t h e  l u n a r  mod- 

h. Apollo 14: The s h i f t  o f  t h e  Apollo 14 crew's normal terrestrial s l e e p  c y c l e  du r ing  t h e  
f i r s t  4 days of f l i g h t  was  t he  l a r g e s t  experienced i n  t h e  Apollo series. 
from 7 hours  on the  f i r s t  mission day t o  11-1/2 hours  on t he  fou r th .  
d i f f i c u l t y  s l e e p i n g  in t he  zero-gravi ty  environment, p a r t i c u l a r l y  du r ing  t h e  f i r s t  two s l e e p  
pe r iods .  They a t t r i b u t e d  t h e  problem p r i n c i p a l l y  t o  a l a c k  of k i n e s t h e t i c  s e n s a t i o n s  and t o  
muscle so reness  in t he  l e g s  and lower back. 
and cont inuous s l e e p  never l a s t e d  more than 2 t o  3 hours.  

The displacement ranged 
The crew experienced some 

Throughout t he  mission,  s l e e p  w a s  i n t e r m i t t e n t ;  deep 

The l u n a r  module crewmen received l i t t l e ,  i f  any, s l e e p  between t h e i r  two e x t r a v e h i c u l a r  ac- 
The l a c k  of  an adequate p l ace  t o  r e s t  t he  head, discomfort  o f  t h e  p r e s s u r e  s u i t ,  t i v i t y  pe r iods .  

and a 7-degree s t a rboa rd  l i s t  of the  luna r  module on t h e  l u n a r  t e r r a i n  were be l i eved  r e spons ib l e  
f o r  t h e  l a c k  of  s l eep .  
f o r  r eas su rance  t h a t  t he  l u n a r  module was  not  s t a r t i n g  t o  t i p  over.  

Following t r a n s e a r t h  i n j e c t i o n ,  t he  crew s l e p t  b e t t e r  than they had p rev ious ly .  

The crewmen looked o u t  the window s e v e r a l  t i m e s  du r ing  t h e  s l e e p  pe r iod  

The l u n a r  
module crewmen requ i r ed  one a d d i t i o n a l  s l eep  per iod t o  make up t h e  s l e e p  d e f i c i t  t h a t  was incur-  
r ed  wh i l e  on the  l u n a r  su r face .  

The crewmen repor t ed  during p o s t f l i g h t  d i scuss ions  t h a t  t hey  were d e f i n i t e l y  o p e r a t i n g  on 
T h i s  l a c k  of  s l e e p  caused them some t h e i r  phys io log ica l  r e s e r v e s  because of  inadequate  s l eep .  

concern; however, a l l  t a s k s  were performed s a t i s f a c t o r i l y .  

i. Apollo 15: Very l i t t l e  s h i f t  of  t he  Apollo 1 5  crew's normal t e r r e s t r i a l  s l e e p  c y c l e  
Aa a result, a l l  occurred du r ing  t h e  t r a n s l u n a r  and t r a n s e a r t h  coas t  phases of  this mission. 

crewmen received an adequate amount o f  s l eep  during these  per iods.  

Displacement of  t he  terrestrial s l e e p  cyc le  du r ing  t h e  t h r e e  l u n a r  s u r f a c e  s l e e p  pe r iods  
ranged from 2 hours f o r  t h e  f i r s t  s l e e p  per iod t o  7 hours f o r  t he  t h i r d  s l e e p  pe r iod .  
i n  t h e  s l e e p  cyc le ,  in a d d i t i o n  t o  t h e  d i f f e r e n c e  between t h e  colnnand uodule and l u n a r  module 
s l e e p  f a c i l i t i e s ,  no doubt con t r ibu ted  t o  the  luna r  module crewmen rece iv ing  less s l e e p  on t h e  
luna r  s u r f a c e  than  was scheduled i n  t h e  f l i g h t  plan.  
i ng  l o s s  of crew s l e e p  were o p e r a t i o n a l  problems. 

Th i s  s h i f t  

However, t h e  most s i g n i f i c a n t  f a c t o r s  caus- 
These included hardware malfunct ions a s  w e l l  



a s  i n s u f f i c i e n t  time in the  f l i g h t  plan t o  accomplish assigned tasks .  
and reducing the  planned s leep  per iods on the  lunar sur face ,  coupled with a s i g n i f i c a n t  altera- 
t i o n  of c i r c a d i a n  rhythm, produced a s u f f i c i e n t  f a t i g u e  l e v e l  t o  cause the  l u n a r  module crewmen 
t o  opera te  on t h e i r  physiological  reserves  u n t i l  they returned t o  t h e  couunand module. 

Lengthening the  work days 

j .  Apollo 16: I n  comparison t o  his Apollo 10 experience,  t h e  Commander s l e p t  b e t t e r  dur- 

However, t h e  Conmand Module P i l o t  had uninterrupted s l e e p  only  
ing  a l l  the  scheduled Apollo 16 s leep  periods.  
s leep  per iods  except  t h e  f i r s t .  
two n i g h t s  of  the mission and, c h a r a c t e r i s t i c a l l y ,  would awaken about once every hour. 
ported t h a t  he never f e l t  phys ica l ly  t i r e d  nor  had a d e s i r e  f o r  s leep.  

The Lunar bbdule P i l o t  s l e p t  w e l l  dur ing a l l  

H e  re- 

On t h i s  mission, displacement of t h e  t e r r e s t r i a l  s leep  cyc le  ranged from 30 minutes t o  5 
hours during t rane lunar  c o a s t ,  and from 3-112 hours t o  7 hours during t h e  three  l u n a r  s u r f a c e  
s leep  per iods.  
s l e e p ;  however, t h i s  was the  f i r s t  mission i n  which the  l u n a r  module crewmen obtained an  adequate 
amount of good s l e e p  while on t h e  l u n a r  sur face .  T h i s  assessment of the  amount of s l e e p  is based 
on a c o r r e l a t i o n  of  h e a r t  rate during t h e  mission s leep  per iods  with p r e f l i g h t  s leep  e lec t roen-  
cephalograms and h e a r t  rates. The  es t imates  of s leep  dura t ion  made by ground personnel  were in 
general  agreement wi th  the crew's s u b j e c t i v e  eva lua t ions .  

This  s h i f t  in the  s leep  c y c l e  on t h e  l u n a r  sur face  cont r ibu ted  t o  some l o s s  of  

k. Apollo 17: A s  on previous missions,  displacement of the terrestrial s leep  cyc le  con- 

In genera l ,  however, an adequate 
t r i b u t e d  t o  some l o s s  of  s leep  f o r  the  Apollo 17 crew. 
occasional ly  impacted previously planned crew s leep  per iods.  
amount of  good s leep  w a s  obtained by a l l  crewmembers during both t rans lunar  and t r a n s e a r t h  c o a s t ,  
as w e l l  a s  during lunar  sur face  opera t ions .  
s leep  per  day throughout the  mission. Only during t h e  f i r s t  i n f l i g h t  s l e e p  per iod was t h e  amount 
of s leep  obtained (approximately 3 hours) inadequate from a medical point  of view. 

In addi t ion ,  changes t o  the  f l i g h t  p lan  

A l l  t h r e e  crewmen averaged approximately 6 hours of 

*- 

8.2.5 Crew I l l n e s s  and Medications 

The only  medical problem conmonly shared by a l l  of the  f l i g h t  crewmen w a s  sk in  i r r i t a t i o n  
caused by the  biosensore.  
crew experienced a d i f f e r e n t  set of  problems requi r ing  t h e  use of medications,  each mission is 
discussed separa te ly .  

Skin cream was used t o  r e l i e v e  t h i s  condi t ion.  Since each f l i g h t  

a. Apollo 7: Three days p r i o r  t o  launch, the  Commander and Lunar l b d u l e  P i l o t  experienced 
s l i g h t  n a s a l  s t u f f i n e s s  and were successfu l ly  t r e a t e d .  

Approximately 15 hours a f t e r  l i f t - o f f ,  the  crew repor ted  t h a t  the  Commander had developed 
a bad head cold.  Aspir in  and decongestant t a b l e t s  (Actifed) were taken f o r  r e l i e f .  The Command 
Module P i l o t  and Lunar Nodule P i l o t  experienced cold symptoms 24  hours later and used t h e  same 
treatment .  

Uiddle ear blockage was of concern because it was considered necessary f o r  the  crew t o  wear 
pressure  s u i t s  during en t ry .  
c u l t  In the  pressure  s u i t  wi th  t h e  h e l m e t  on. 
s i o n  was made t h a t  the crew would not  wear helmets or gloves.  

Equal izat ion of  pressure  wi th in  the  middle ear c a v i t i e s  is d i f f i -  
Consequently, 48 hours p r i o r  t o  e n t r y ,  t h e  deci-  

I n  the p o s t f l i g h t  phys ica l  examinations,  t h e  two crewmen who had experienced t h e  mst d is -  
t r e s s i n g  i n f l i g h t  symptoms showed no obvious evidence of t h e i r  co lds .  
h i b i t  a s l i g h t  amount of  f l u i d  in t h e  middle ear. 

The o t h e r  crewman d i d  ex- 

b. Apollo 8: After  the Coamander's symptoms of  motion s ickness  d i s s i p a t e d ,  he experienced 
When the  Commander 

Upon awakening, 

symptoms of  an i n f l i g h t  i l l n e s s  bel ieved to be unrelated t o  motion s ickness .  
w a s  unable t o  f a l l  as leep  2 hours i n t o  his initial rest per iod,  he took a s leeping  t a b l e t  
(Second)  which induced approximately 5 hours of s leep ,  descr ibed as " f i t f u l . "  
t h e  Comander f e l t  nauseated and had a m d e r a t e  o c c i p i t a l  headache. 
and then went from the s leep  s t a t i o n  t o  his couch t o  rest. 
e i v e l y  vorae and he vomited t v i c e .  
also became aware of scnue increased g a s t r o i n t e s t i n a l  d i s t r e s s  and was concerned t h a t  d i a r r h e a  
might occur.  No medication was taken f o r  t h i s  i l l n e s s .  which was descr ibed as a "24-hour in- 
testinal f lu ."  (Just  p r i o r  to launch, an epidemic of  a c u t e  v i r a l  g a s t r o e n t e r i t i s  l a s t i n g  24 
b u r r  wau present  in the Cape Kennedy area.) 

H e  took two a s p i r i n  t a b l e t s  
The nausea,  however, became progres- 

A f t e r  terminat ion of  the  f i r s t  s leep  period, t h e  Co-mmander 

c 
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c ,  Apollo 9 :  Three days be fo re  t h e  scheduled launch, t h e  Conmrander r epor t ed  symptoms of  
gene ra l  nralaise,  nasal d i scha rge ,  and s t u f f i n e s s .  These c o m n  cold symptoms were no t  p r e s e n t  
on the  phys ica l  examination performed t h e  previous day. The Commander was t r e a t e d  symptomati- 
c a l l y  and h i s  temperature remained nonnal throughout t h e  course of his i l l n e s s .  
t he  scheduled launch,  t he  ConmPand Module P i l o t  and t h e  Lunar Module P i l o t  a l s o  became ill wi th  
common co lds  and were t r e a t e d  symptomatically.  
launch was  postponed f o r  3 days. 

Two days be fo re  

However, because t h e  symptoms p e r s i s t e d ,  t h e  

During the  f l i g h t ,  t h e  Lunar Module P i l o t  experienced motion sickness and vomited tw ice ,  
A f t e r  about once while  preparing f o r  t r a n s f e r  t o  t h e  l u n a r  module, and again a f t e r  t r a n s f e r .  

50 hours of f l i g h t ,  t h e  Lunar Module P i l o t  w a s  still  no t  f e e l i n g  w e l l  but  had experienced no 
f u r t h e r  vomiting. He r epor t ed  t h a t  his m t i o n  s i ckness  symptoms subsided when he remained still .  
The Lunar Module P i l o t  took Seconal s e v e r a l  t imes during t h e  mission t o  induce s l eep .  

d .  Apollo 10: The crewmen experienced abdominal rumblings caused by t h e  i n g e s t i o n  o f  hy- 
drogen gas presen t  in the  po tab le  water, and were concerned t h a t  d i a r r h e a  might develop. 
p i r i n  w a s  taken occas iona l ly  by a l l  crewmen. 

As- 

e. Apollo 11: The Commander and Lunar Module P i l o t  each took one Lomotil  t a b l e t  t o  prevent  
bowel movements when on the  luna r  su r face .  Four hours  be fo re  e n t r y ,  and aga in  a f t e r  splashdown, 
t h e  t h r e e  crewmen each took scopolamine/dextroamphetamine anti-motion-sickness t a b l e t s .  Aspir in  
t a b l e t s  were a l s o  taken by the  crewmen. 

f .  Apollo 12: A l l  crewmen took Act i fed decongestant  t a b l e t s  t o  relieve n a s a l  congest ion 
a t  va r ious  t imes throughout t he  f l i g h t .  The Lunar Module P i l o t  a l s o  took Seconal throughout 
most of t h e  mission t o  a i d  s l eep .  Asp i r in  w a s  taken occas iona l ly  by a l l  t h e  crewmen. 

g. Apollo 13: Upon awakening on t h e  second day of t he  mission,  t h e  Lunar Module P i l o t  
took two a s p i r i n  t o  r e l i e v e  a seve re  headache. A f t e r  e a t i n g  b reak fas t  and engaging i n  phys i ca l  
a c t i v i t y ,  t he  Lunar Module P i l o t  became nauseated and vomited. One Lomotil t a b l e t  was taken by 
t h e  Command Module P i l o t  a f t e r  98 hours of  f l i g h t .  A l l  crevmen took scopolamine/dextroampheta- 
mine anti-motion-sickness t a b l e t s  p r i o r  t o  e n t r y .  

h. Apollo 14: No medicat ions were used o t h e r  than nose drops t o  r e l i e v e  n a s a l  s t u f f i n e s s  
caused by the  s p a c e c r a f t  atmosphere. 

1. Apollo 15: Asp i r in  and nose drops were the only medicat ions used. The Commander took 
14 a s p i r i n  t a b l e t s  du r ing  the  las t  4 days of the mission t o  r e l i e v e  pa in  i n  his r i g h t  shoulder  
t h a t  had developed a f t e r  d i f f i c u l t  deep co re  tube d r i l l i n g  on the  l u n a r  s u r f a c e .  
Module P i l o t  used nose drops j u s t  p r i o r  t o  e a r t h  e n t r y  t o  prevent  p o s s i b l e  middle ear blockage. 

j. Apollo 16 :  The Lunar Module P i l o t  used t h r e e  Seconal capsu le s  f o r  s l eep .  One capsule  

I n  the  p o s t f l i g h t  medical d e b r i e f i n g ,  t h e  Lunar Module 

The Couunand 

was taken on the  n igh t  p r i o r  t o  l u n a r  descent  and the  o t h e r  two capsules  were used f o r  t he  f i r s t  
and second luna r  s u r f a c e  s l e e p  per iods.  
P i l o t  r epor t ed  t h a t  t he  Seconal was e f f e c t i v e  i n  producing a r a p i d  o n s e t  o f  good s l e e p .  

Apollo 17: k. More medications =re taken on Apollo 17  than  on any of  t h e  previous mis- 
s ions .  Seconal was used i n t e r m i t t e n t l y  f o r  s l e e p  by a l l  t h r e e  crewmen and simethicone was used 
d a i l y  f o r  symptomatic r e l i e f  of f l a t u l e n c e .  The Commander took a scopolomine/dextroamphetamine 
t a b l e t  on t h e  second day of f l i g h t  as a s u b s t i t u t e  f o r  t h e  simethicone t a b l e t s ,  which he could 
not  i n i t i a l l y  l o c a t e .  

The Command Module P i l o t  and the  Lunar Module P i l o t  experienced one loose  bowel movement 
each on t h e  1 1 t h  and 1 2 t h  days of f l i g h t ,  r e spec t ive ly .  
was e f f e c t i v e .  

I n  each c a s e ,  Lomotil  w a s  taken and 
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8.2.6 Cardiac Arrhythmias 

Both of the Apollo 15 lunar  surface crewmen demonstrated cardiac arrhythmias a t  var ious 
times during the  mission. 
lunar  and t ransear th  coas t ,  and during the  lunar s tay .  
ing t ransear th  coast .  
f a c t o r  i n  the genesis  of the Apollo 15 arrhythmias. 
on Apollo 16 t o  reduce the  l ikel ihood of i n f l i g h t  arrhythmias and t o  f u r t h e r  i n v e s t i g a t e  &he 
causes of body potassium l o s s  during space f l i g h t .  
potassium d i e t ,  commencing 72 hours p r i o r  t o  launch and continuing u n t i l  72 hours a f t e r  the  
f l i g h t ,  and provis ion of card iac  medications (procaine amide, a t ropine ,  and Lidocaine) in the  
onboard medical kits. 
each crewman, and an accurate metabolic input/output report  was t ransmit ted d a i l y  during f l i g h t .  

No medically s i g n i f i c a n t  arrhythmias occurred during t h e  Apollo 16 and 17 f l i g h t s ,  but iso- 

The Lunar Module P i l o t  experienced these i r r e g u l a r i t i e s  during t rans-  
The Commander experienced them only dur- 

A l o s s  of body potassium during f l i g h t  was  considered t o  be an important 
A s  a r e s u l t ,  severa l  changes were i n s t i t u t e d  

These changes included provis ion of a high- 

I n  addi t ion ,  a d a i l y  high-resolution electrocardiogram was  obtained from 

l a t e d  premature hear t  beats were observed in two of the  three  crewmen on each f l i g h t ,  
t h a t  the  frequency ( l e s s  than one p e r  day) and character  of these prematuri t ies  remained consis t -  
en t  with electrocardiographic  d a t a  obtained on these same crewmen during ground-based t e s t s  
c l e a r l y  ind ica tes  t h a t  they were no& r e l a t e d  t o  o r  r e s u l t a n t  from space f l i g h t .  
f l i g h t  exchangeable body potassium intake apparently was e f f e c t i v e  i n  maintaining normal potas- 
sium balance. 

The f a c t  

Apollo 16 post- 

Even though s i g n i f i c a n t  cardiac arrhythmias were not experienced on the  Apollo 16 and 17 
missions, t h e i r  absence cannot be a t t r i b u t e d  t o  the  high potassium d i e t  because f a t i g u e ,  stress, 
and excitement can also produce arrhythmias. The absence of arrhythmias on Apollo 16 and 17 can 
bes t  be a t t r i b u t e d  t o  a combination of f a c t o r s  such as high d i e t a r y  intake of potassium, b e t t e r  
f l u i d  and e l e c t r o l y t e  balance, more adequate s leep ,  and less fa t igue .  

i 

8.2.7 P o s t f l i g h t  Medical Evaluation 

Comprehensive medical evaluat ions were conducted i m e d i a t e l y  a f t e r  recovery t o  determine 
any physical  e f f e c t s  of the f l i g h t  upon the crew and t o  de tec t  and treat any medical problems. 
The medical evaluat ions included microbiology and blood s tudies .  physical  examination, ortho- 
s t a t i c  tolerance tests, exercise  response tests, and chest  X-rays. Although a l l  of t h e  crewmen 
were shown t o  be in good hea l th ,  they exhibi ted varying degrees of f a t i g u e  and weight l o s s ,  and 
suffered varying degrees of skin i r r i t a t i o n  caused by the  biosensors. The sk in  i r r i t a t i o n  sub- 
s ided within 48 hours without medical treatment. 

A l l  crewmen t e s t e d  demonstrated some degree of cardiovascular deconditioning during the  
lower body negative pressure measurements and bicycle  ergometry tests, as compared t o  p r e f l i g h t  
tests. 
observed, taking from 2 days t o  1 week. 
a cardiovascular  response t o  the  b icyc le  ergometry tests not observed a f t e r  previous f l i g h t s .  
This response waa character ized by an almost normal response at  l o w  hear t  r a t e  l e v e l s  and pro- 
gress ive ly  degraded response a t  the higher hear t  rate leve ls .  
ment in the Apollo 16 Conrmand Module P i l o t ' s  exercise  performance was a surpr i s ing  p o s t f l i g h t  
f inding.  
a s i g n i f i c a n t  p o s t f l i g h t  decrement had been ant ic ipated.  One Apollo 17 crewman was within his 
p r e f l i g h t  bicycle  ergometry basel ine when t e s t e d  p o s t f l i g h t ;  the o ther  two crewmen returned t o  
t h e i r  p r e f l i g h t  base l ine  by the second p o s t f l i g h t  day. 

Individual  v a r i a t i o n s  in the  time required t o  r e t u r n  t o  p r e f l i g h t  basel ine l e v e l s  were 
Both the Apollo 15 Commander and Lunar Module P i l o t  had 

The lack of a s i g n i f i c a n t  decre- 

Because of the  high degree of  p r e f l i g h t  aerobic capaci ty  demonstrated by t h i s  crewman, 

A. a l ready  noted, the Apollo 1 0  cabin atmosphere became contaminated with f i b e r g l a s s  p a r t i -  
P o s t f l i g h t  examinations of the  Apollo 10 crevmen showed no s i g n i f i c a n t  changes a t t r i b u t -  

Four days a f t e r  recovery, t h e  Lunar  Module P i l o t  de- 
cles. 
a b l e  to their exposure t o  t h e  f iberg lass .  
veloped a mild i n f e c t i o n  in his l e f t  n o s t r i l  which may have been caused by a small piece of  
f i b e r g l a s s ;  ha responded rapidly t o  treatment. 

Other e i g n i f i c a n t  i m e d i a t e  p o s t f l i g h t  f ind ings  were as follows. 

a. A d e f i n i t e  res idua l  of an i n f l i g h t  upper resp i ra tory  infec t ion  w a s  noted in one of the  
Apollo 7 crewmembers. 

4 

b 

\ . 



b. The Apollo 9 Commander s u f f e r e d  from b i l a t e r a l  a e r o t i t i s  media. Th i s  c o n d i t i o n  re- 
sponded r a p i d l y  t o  decongestant therapy and c l ea red  a f t e r  2 days. 

C.  The Apollo 11 Conmander had a mild se rous  o t i t i s  media o f  t h e  r i g h t  ear bu t  no t r ea tmen t  
w a s  necessary when he found t h a t  he could c l e a r  his ears s a t i s f a c t o r i l y .  

d. The Apollo 1 2  Lunar Module P i l o t  had a small amount of c l e a r  f l u i d  wi th  a i r  bubbles i n  
t h e  middle ear c a v i t y  which disappeared a f t e r  24 hours of  decongestant  therapy.  

e. 

f .  

The Apollo 1 3  Lunar Module P i l o t  had a u r ina ry  t r a c t  i n f e c t i o n .  

The Apollo 14 Commander and Command Module P i l o t  each exh ib i t ed  a small amount o f  c l e a r ,  
bubbly f l u i d  in the  l e f t  middle ear c a v i t y  wi th  s l i g h t  reddening of  t h e  ear drums. 
i n g s  disappeared i n  24 hours without  t reatment .  
r i t a t i o n  in a d d i t i o n  t o  s l i g h t  redness  of t h e  eardrums. 

These f ind -  
The Lunar MDdule P i l o t  had moderate e y e l i d  ir- 

g. The Apollo 15 Commander had hemorrhages under some of his f i n g e r n a i l s  of  bo th  hands and 
a p a i n f u l  r i g h t  shoulder .  
of h i s  p re s su re  s u i t  which caused the  f i n g e r t i p s  t o  be forced t o o  f a r  i n t o  t h e  gloves du r ing  
h a r d s u i t  ope ra t ions .  
sponded r a p i d l y  t o  hea t  therapy.  

These hemorrhages were a t t r i b u t e d  t o  an i n s u f f i c i e n t  arm-length s i z e  

The p a i n f u l  r i g h t  shoulder  w a s  due t o  a m s c u l a r / l i g a m e n t  s t r a i n  which re- 

h. The Apollo 16  Commander had some s i n u s  congest ion which responded t o  medicat ion,  and 
a l s o  a s l i g h t  reddening and r e t r a c t i o n  of  t h e  r i g h t  eardrum. 

i. The Apollo 17 Commander and Lunar MDdule P i l o t  both e x h i b i t e d  subunguinal hematomas 
from the p res su re  s u i t  gloves;  t hese  were more ex tens ive  and v i v i d  on the  Lunar Module P i l o t .  

j .  The Apollo 17 Commander had a h e r p e t i c  l e s i o n  on t h e  r i g h t  s i d e  o f  t h e  upper l i p ,  which 
was approximately 72 hours  o l d  a t  t h e  t ime of  recovery.  

During t h e  l and ing  of t he  Apollo 12  command module, a camera came o f f  i t s  window b racke t  
and s t r u c k  the  Lunar Module P i l o t  on the  forehead,  causing him t o  l o s e  consciousness  f o r  about  
5 seconds. 
soon a f t e r  t he  crew was recovered and i t  healed normally. 

Re  sus t a ined  a 2-centimeter l a c e r a t i o n  ove r  t he  r i g h t  eyebrow. The c u t  was su tu red  

Delayed p o s t f l i g h t  minor i l l n e s s e s  occurred as fol lows:  

a .  
which evolved i n t o  a colmnon cold and nonproductive cough. 
of  t reatment .  
s u l t e d  i n  complete recovery 7 days later. 

S ix  days a f t e r  recovery of Apollo 8 ,  t h e  Lunar Module P i l o t  developed a mild pha ryng i t i s  
He recovered completely a f t e r  6 days 

The Commander developed a common cold 1 2  days a f t e r  t h e  f l i g h t ,  and t reatment  re- 

b. 
i n f e c t i o n  v i t h  a secondary b a c t e r i a l  b r o n c h i t i s .  
7 days later. 
He was t r e a t e d  and recovered 4 days later. 
in f luenza  v i r u s .  

Four days a f t e r  recovery.  t h e  A p o l l o  9 Lunar Module P i l o t  developed an upper r e s p i r a t o r y  
Be w a s  t r e a t e d  wi th  p e n i c i l l i n  and was w e l l  

The  Coonnander developed a mild upper r e s p i r a t o r y  syndrome 8 days a f t e r  recovery.  
Both o f  t h e s e  c a s e s  were determined t o  be type-B 

c. On t h e  day a f t e r  recovery,  t he  Apollo 1 2  Commander developed a l e f t  max i l l a ry  s i n u s i t i s  
which was t r e a t e d  s u c c e s s f u l l y  wi th  decongestants  and a n t i b i o t i c s .  

8.3 BIOMDICAL EQUIPMENT PERFORMANCE 

. 
8.3.1 Instrumentat ion 

In gene ra l ,  t h e  biomedical i n s t rumen ta t ion  system w r k e d  w e l l ,  a l though some minor l o s s e s  
of  d a t a  were experienced throughout t he  program. 
disconnect ion encountered on t h e  Apollo 7 mission were co r rec t ed  f o r  subsequent f l i g h t s .  Some 
degradat ion of phys io log ica l  data w a s  caused by loose  b iosenso r s ,  but  r e s t o r a t i o n  of  good d a t a  
was usua l ly  obtained by r e a p p l i c a t i o n  of  the sensors .  

Problems wi th  l e a d  breakage and p i n  connector  

Sponge/pel le t  e l e c t r o d e s  were used i n  t h e  
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bioharness f o r  the f i r s t  t i m e  on the  Apollo 15 mission. 
t o  reduce sk in  i r r i t a t i o n  produced by the continuous-wear e lec t rodes  used previously.  
i t y  of the da ta  obtained with the new e lec t rodes  was  good and less sk in  i r r i t a t i o n  w a s  seen a t  
the biosensor sites than had  been seen a f t e r  previous missions. Physiological  d a t a  l o s s e s  re- 
s u l t i n g  from trapped a i r  under the  e lec t rodes  were not  experienced a f t e r  t h e  Apollo 15 mission 
because small vents  were added t o  the e lec t rodes .  

This type of biosensor was developed 
The qual- 

8.3.2 Medication Packaging 

A l l  the  medications i n  t a b l e t  and capsule form were packaged in ind iv idua l ly  sea led  p l a s t i c  
On the Apollo 11 mission when the  medical kit in the  comrnand module was un- o r  f o i l  containers .  

stowed, the  packages had expanded because i n s u f f i c i e n t  air  had been evacuated during packaging. 
T h i s  ballooning prevented restowage of t h e  i t e m s  in the  kit u n t i l  a f l a p  w a s  c u t  away from the  
k i t .  
on subsequent f l i g h t s .  
dropper b o t t l e s  f o r  Apollo 14  and subsequent missions because previous crews had reported d i f -  
f i c u l t i e s  i n  obtaining medication from spray b o t t l e s  i n  zero-gravity. 

Venting of each of the  p l a s t i c  o r  f o i l  conta iners  prevented t h i s  problem from recur r ing  
The nasa l  spray b o t t l e s  in the  i n f l i g h t  medical kits were replaced by 

The Apollo program food was pr imar i ly  of the freeze-dried v a r i e t y  which could be recons t i -  
tu ted  with water. This  type is l o w  i n  weight and volume, is s t a b l e  without r e f r i g e r a t i o n ,  can 
be readi ly  packaged, and can withstand the stresses and environmental condi t ions of space f l i g h t .  

the  mixture, and wai t ing f o r  the rehydrat ion process t o  be completed. Although the  rehydrated 
foods were general ly  the most s a t i s f a c t o r y ,  the tex ture  and f l a v o r  o f  t h i s  type of  food was a f -  
fected by the comrnand module potable  water ( f u e l  cell product water). Complete rehydrat ion w a s  
prevented because excessive hydrogen gas dissolved i n  the water expanded the packages, reducing 
the t r a n s f e r  of water t o  the  food. Offensive t a s t i n g  food resu l ted  from i o n i c  contaminants i n  
the  water and d i f f i c u l t i e s  in the ch lor ina t ion  procedures. 
the later f l i g h t s  because of improvements in the potable  water system and methods of  treatment. 

'Prepara t ion  of these  meals requi res  c u t t i n g  of the package, measuring and adding w a t e r ,  kneading 

These problems were a l l e v i a t e d  on 

Bite-size compressed o r  freeze-dried products with s p e c i a l  coat ings t o  i n h i b i t  crumbling 
were a l s o  used. 
cen t ,  were intended t o  be rehydrated i n  the  mouth with s a l i v a  o r  with small q u a n t i t i e s  of water 
when s a l i v a  was inadequate. I n  general ,  the  crews found the b i te -s ize  foods t o  be too dry and, 
therefore ,  undesirable. 

These foods, designed t o  have an average imis ture  content  of only 2 t o  3 per- 

Special thermostabi l ieed wet-pack foods were added t o  the  f l i g h t  menus t o  provide v a r i e t y ,  
improved taste, and a c l o s e r  s i m i l a r i t y  t o  conventional food. 
required minimum preparat ion time and, therefore ,  were more convenient than t h e  rehydrated meals. 
The main disadvantages of the wet-pack foods =re t h a t  some of  the  foods which are normally 
eaten hot  (such as potatoes  and gravy) uere not  as pala tab le  when eaten cold. 

Both b i te -s ize  and wet-pack foods 

I n  an  attempt t o  make the food pleasant  t o  the  crew, menus were designed t o  meet the psy- 
P r i o r  t o  f l i g h t ,  each crew- 

F l i g h t  
chological  as w e l l  as the physiological  needs of each crewmember. 
man was provided with a 4-day supply o f  f l i g h t  food f o r  menu evaluat ion and s e l e c t i o n .  
menus vere them es tab l i shed  t o  provide each crewman with adequate n u t r i e n t s  t o  meet b a s i c  physio- 
l o g i c a l  requirements. 
during the p r e f l i g h t  evaluat ions.  

No foods were included in t h e  f i n a l  f l i g h t  menus which had been re jec ted  

A c o n t r o l  d i e t  w a s  used f o r  the f i r s t  time on Apollo 16  t o  insure  t h a t  each crewman was  i n  
an optimum n u t r i t i o n a l  condi t ion p r i o r  t o  launch, and t o  f a c i l i t a t e  p o s t f l i g h t  i n t e r p r e t a t i o n  of  
medical data .  The d i e t  was  i n i t i a t e d  3 days p r i o r  t o  launch and was terminated 2 days a f t e r  re- 
covery. In addi t ion ,  food and f l u i d  in take  were c l o s e l y  monitored during the f l i g h t .  

In-sui t  food bars  -re used by the Apollo 15  and Apollo 17 lunar  module crewmen, and in- 
suit beverage assemblies -re used by the Apollo 16 and Apollo 1 7  lunar  module crewmen. 
erage assembly cons is ted  of a dr lnking device and a 32-ounce bag containing water o r  p o t a s s i m -  
f o r t i f i e d  orange drink. 

The bev- 

Several minor problems e r e  experienced i n  using t h e  aesembly during 
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t h e  Apollo 16 mission. Inadvertent a c t i v a t i o n  of t h e  tilt  valve by t h e  comnunications cable  o r  
t h e  microphone caused some re lease  of f l u i d  i n t o  the  Lunar Module P i l o t ' s  helmet p r i o r  t o  lunar  
landing. 
assembly a f t e r  donning his pressure s u i t  and could not properly pos i t ion  i t .  
ab le  t o  consume any f l u i d  during the  f i r s t  extravehicular  a c t i v i t y .  

P r i o r  t o  the f i r s t  extravehicular  per iod,  the  Colrmander i n s t a l l e d  t h e  in-su i t  beverage 
Thus, he w a s  un- 

Four d i f f e r e n t  types of Skylab food packages were evaluated on Apollo 16 f o r  funct ion under 
These included a rehydratable  soup package, a beverage zero-gravlty condi t ions by each crewman. 

package, a peanut wafer package, and a l i q u i d  tab le-sa l t  package. 

The menus f o r  t h e  Apollo 17 mission were designed t o  meet physiological  requirements of each 
c r m e m b e r  as wel l  as requirements of a food compatibi l i ty  assessment study. 
plemented (1) t o  determine metabolic requirements of space f l i g h t ,  (2) t o  assess compatibi l i ty  
of  menus v i t h  respect  to g a s t r o i n t e s t i n a l  funct ion,  and (3) t o  acquire  da ta  on the  underlying 
endocrinological cont ro l  of metabolism. 

T h i s  study was im-  

Negative ni t rogen and potassium balances occurred during the  Apollo 17 f l i g h t  and confirmed 
a l o s s  in t o t a l  body pro te in .  
s t r a t e d .  This is cons is ten t  with previous f l i g h t s .  Although some of the  observed weight l o s s  
can be a t t r i b u t e d  t o  changes i n  t o t a l  body water, the  hypocaloric regimen in conjunction with 
the  well-known tendency t o  lose body t i s s u e  under hypogravic condi t ions ind ica tes  t h a t  a consid- 
e rab le  port ion of weight loss is from f a t t y  and rmscle t i s s u e s .  

I n  addi t ion ,  a l o s s  of body calcium and phosphorus was dewn- 

Water intake and output data  were general ly  cons is ten t  throughout the Apollo 1 7  f l i g h t .  
However, when insens ib le  water l o s s  is considered, t h e  crew on t h i s  mission were i n  a s ta te  of  
mild negative water balance. These data  are cons is ten t  with vater-balance da ta  from Apollo 16. 
During the i m e d f a t e  p o s t f l i g h t  period, only the Lunar Mdule  P i l o t ' s  ur ine volume was signifi- 
cant ly  decreased; the other  two remained normal. 
decreases i n  t o t a l  body water, confirms the  normal-to-decreased l e v e l  of a n t i d i u r e t i c  hormone. 
This observation d i f f e r s  from t h a t  of Apollo 1 5  where high ur ine  volumes and increased l e v e l s  
of a n t i d i u r e t i c  hormone were observed. The mre complete d a t a  from t h e  Apollo 17 mission sug- 
g e s t s  t h a t  the  major weight l o s s  resu l ted  from l o s s  of t i s s u e  mass r a t h e r  than 106s of t o t a l  
body water. The lack  of weight gains during the f i r s t  24 hours p o s t f l i g h t  provides addi t iona l  
evidence t h a t  f a t t y  and muscle t i s s u e s  were the predominant components of t h e  observed weight 
loss .  

This p o s t f l i g h t  f inding,  along with t h e  s l i g h t  

8.5 APOLM LUNAR QUARANTINE PROGRAM 

The Apollo lunar  quarantine program was i n s t i t u t e d  t o  dea l  with the  remote p o s s i b i l i t y  t h a t  
micro-organisms hazardous t o  l i f e  on e a r t h  could be introduced i n t o  the  biosphere by t h e  crew- 
members of lunar  landing missions and the  mater ia l  brought back by them. Representatives of  the 
National Academy of Sciences, the U.S. Public Health Service,  the  U.S. Department of Agricul ture ,  
and the  U.S. Department of the I n t e r i o r  reviewed and approved plans proposed by NASA; the d e t a i l s  
of implementation of the  program were the  r e s p o n s i b i l i t y  of NASA. 
aion has been excerpted from reference 8-13. 

Much of t h e  following discus- 

8.5.1 Quarantine Program Guidelines 

The coordination of the  r m l t i d i s c i p l i n a r y  and o f t e n  contradictory requirements of t h e  lunar 
quarant ine programs presented a unique series of problems. 
a ted  with the  hypothet ical  nature  of an unknown lunar  hazard. 
and technica l  decis ions were t o  be made, bas ic  assumptions and guidel ines  had t o  be followed. 
The bas ic  guidel ines  t h a t  were es tab l i shed  f o r  development of the  program were as follows. 

Many of these problems were associ-  
Therefore, i f  p rec ise  s c i e n t i f i c  

a.  

b. 

c. 

Hazardous, r e p l i c a t i n g  micro-organisms exist on the  moon. 

The preservat ion of human l i f e  should take precedence over t h e  maintenance o f  quarantine. 

Biological  containment requirements should be based on the  wst s t r i n g e n t  means used f o r  
containment of  in fec t ious  terrestrial agents. 
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d. The s t e r i l i z a t i o n  requirements should be based on the  methods required f o r  the destruc- 
t i o n  of the wst r e s i s t a n t  terrestrial forms. 

a. Hazard de tec t ion  procedures should be based on an a l t e r a t i o n  of  the ecology and c l a s s i -  
c a l  pathogenicity. 

f .  The ex ten t  of t h e  b io logica l  test protocol would be l imi ted  t o  f a c i l i t i e s  approved by 
the Congress of the  United S ta tes ,  t o  well-defined systems, and t o  b io logica l  systems of known 
ecological  importance. 

8.5.2 Program Elements 

8.5.2.1 Lunar-surface contamination.- Nations involved i n  the  explorat ion of e x t r a t e r r e s -  
t r ial  bodies have agreed to  take a l l  s teps  t h a t  are technica l ly  f e a s i b l e  t o  prevent the  contam- 
i n a t i o n  of these bodies during explorat ion.  The primary reasons f o r  preventing contamination of 
e x t r a t e r r e s t r i a l  bodies are (1) t o  ensure t h a t  s c i e n t i f i c  analyses  f o r  the de tec t ion  of v i a b l e  
l i f e  or ig ina t ing  from an e x t r a t e r r e s t r i a l  body can be conducted without the complications asso- 
c i a t e d  with terrestrial contamination of such a body, and (2) t o  ensure t h a t .  i f  l i f e  does e x i s t  
on an e x t r a t e r r e s t r i a l  body, the ecological  balance e x i s t i n g  on t h a t  body is not dis turbed by 
t h e  introduct ion of terrestrial microbial life-forms. 

Several problems complicate the implementation o f  t h i s  agreement. F i r s t ,  i f  unmanned landers  
are used, the  problems associated with minimizing o r  e l iminat ing contamination sources are pr in-  
c i p a l l y  those technological problems involved with t h e  design and f a b r i c a t i o n  of hardware t h a t  
w i l l  withstand decontamination o r  s t e r i l i z a t i o n  o r  both. The problems associated with t h i s  tech- 
nology development should not be minimized, as evidenced by the  amount of engineering and design 
e f f o r t  a l ready expended i n  planning f o r  unmanned vehic le  explorat ion of o ther  planets .  HDwever, 
these decontamination problems are simple when compared t o  those associated with manned explora- 
t i o n  of o ther  p lane ts ,  because man is a v i r t u a l  fac tory  f o r  t h e  production and dissemination of 
v i a b l e  microbial contaminants. The o ther  main problem associated with preventing contamination 
of e x t r a t e r r e s t r i a l  bodies is the  probabi l i ty  t h a t  a terrestrial life-form can e s t a b l i s h  i t s e l f  
and survive in the  a l i e n  environment. 

I 

The physical  evidence concerning t h e  environment of the moon indicated t h a t  the probabi l i ty  
w a s  extremely small t h a t  a terrestrial life-form could e s t a b l i s h  i t s e l f .  T h i s ,  i n  addi t ion  t o  
the  low probabi l i ty  t h a t  a v iab le  ecological  systen could exist on the mon. resu l ted  i n  the  
re laxa t ion  (but not e l iminat ion)  of the  requirements f o r  the  prevention of lunar  surface contam- 
ina t ion .  The Apollo crewmembers represented the prime source of contamination of the lunar  sur- 
face.  Three o ther  sources were determined t o  be (1) w a s t e  products such as feces ,  u r ine ,  and 
res idua l  food; (2) v iab le  terrestrial micro-organisms released during lunar  w d u l e  depressuri- 
za t ion ;  and (3) micro-organisms present  in the lunar  w d u l e  waste-water system. 
defined t o  eliminate massive contamination of the lunar  surface from these three  sources. 

Procedures were 

8.5.2.2 Lunar sample col lect ion.-  Because one of the  primary objec t ives  of t h e  Apollo pro- 
gram w a s  the co l lec t ion  and re turn  of lunar  mater ia l ,  advisory groups were es tab l i shed  t o  deter-  
mine t h e  requirements f o r  sample co l lec t ion .  One requirement w a s  t h a t  lunar  samples should be 
co l lec ted  by using only sterile t o o l s  and should be returned t o  the  Lunar Receiving Laboratory 
in a sterile environment. 
organic  and inorganic contamination was a l s o  es tab l i shed  as a physical science requirement. 
types of materials t h a t  could be used f o r  fabr ica t ing  t o o l s  and o ther  items t h a t  would come i n  
contact  with lunar material were severely l imi ted  by the s c i e n t i f i c  requirements and weight ra- 
s t r i c t l o n e .  A high-temperature bakeout under vacuum condi t ions was the bes t  method f o r  removing 
v o l a t i l e  terrestrial contaminants from t h e  hardware. 
f o r  P s u f f i c i e n t  period of t ime,  also s a t i s f i e d  the  s t e r i l i z a t i o n  requirements f o r  the  hardware. 

The c o l l e c t i o n  of lunar  samples with hardware t h a t  contained minimum 
The 

T h i s  treatment, a t  a s u f f i c i e n t  temperature 

Th procedures and hardware necessary f o r  the  stowage of the  co l lec ted  lunar  samples were 
The physical s c i e n t i s t s  decided t h a t  the  lunar  samples should be t ransported considered next. 

to  e a r t h  under environmental condi t ions as near ly  l i k e  those on t h e  w o n  as was  t echnica l ly  fea- 
s i b l e .  This decis ion necess i ta ted  the design and f a b r i c a t i o n  of a pressure vesse l  t h a t  could be 
f i l l e d  with lunar  samples and eealed on the lunar surface.  and i n  which the  i n t e r n a l  environment 
could be maintained throughout the sample t r a n s f e r  from t h e  lunar  surface t o  t h e  Lunar Receiving 

. 
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Laboratory. Because the pressure vesse l  had to be an u l t r a c l e a n ,  gas t igh t  conta iner ,  no addi- 
t i o n a l  requirements were necessary in terms of quarant ine cont ro l .  
tu rn  containers  ( f i g .  3-14) were designed t o  contain approximately 1 cubic  f o o t  of  lunar  mate- 
rial and t o  be sealed on the  lunar  surface.  

The Apollo lunar  sample re- 

8.5.2.3 I n f l i g h t  contamination control . -  It w a s  an t ic ipa ted  t h a t  during lunar  sur face  ex- 
t ravehicu lar  operat ions t h e  e x t e r i o r  of the crewmen's s u i t s  and t h e  equipment used on t h e  lunar  
surface would become contaminated with lunar  material. A s  a result, s p e c i f i c  hardware and pro- 
cedures were developed t o  minimize the  t r a n s f e r  of contamination from these sources t o  the  bio- 
sphere. 
extravehicular  a c t i v i t y .  Each crewman brushed the o t h e r  crewman's s u i t  t o  remove as much loose 
lunar  material as possible .  A footpad was provided on t h e  s t e p s  of t h e  lunar  module so t h a t  
lunar  material could be scraped from the  boots, Also, t h e  sample r e t u r n  containers  and o ther  
i t e m s  were brushed off  before  being returned t o  t h e  lunar  module. Once i n s i d e  the lunar  module, 
a l l  i t e m s  t o  be t ransfer red  t o  the  connnend module were placed i n  sea led  Beta-cloth bags t o  mini- 
mize the leakage of lunar  dust i n t o  the lunar  module o r  command module environment. Items t h a t  
were not t ransfer red  t o  the connnend module, such a s  t h e  gloves and overboots, were discarded onto 
the lunar  surface.  After  the las t  hatch c losure  on the  lunar  sur face ,  t h e  crewmembers cleaned 
the i n t e r i o r  surfaces  of the lunar  m d u l e  using a vacuum c leaner  i n  conjunction with t h e  envi- 
ronmental cont ro l  system. 

The procedures were i n i t i a t e d  before the crewmen entered the  lunar  module a f t e r  each 

After  t h e  lunar  module ascent from the  lunar  sur face  and rendezvous with the  comand module, 
the  lunar  module crewmen t ransfer red  hardware and lunar  materials t o  the  command module. Because 
the  command module entered the biosphere, procedures were developed t o  minimize t h e  possible  
t r a n s f e r  of lunar  contaminants from t h e  lunar  module t o  the conunand module. These procedures 
included wiping and vacuuming a l l  items being t ransfer red  from the  lunar  module t o  the  command 
module, e s t a b l i s h i n g  a p o s i t i v e  a i r  flow from the  connrand module t o  the  lunar  module t o  prevent 
atmospheric contaminants i n  the lunar  module from enter ing  the  connrand module, and bagging and 
s t o r i n g  items a f t e r  t r a n s f e r  to  t h e  comand module. When the  t r a n s f e r  of  t h e  crewmembers and 
a l l  hardware t o  the  command module was completed and the  lunar  module had been separated from 
the  command module, the command module i n t e r i o r  was vacuumed and cleaned. 

Other p o t e n t i a l  quarantine considerat ions involved the  e x t e r i o r  of t h e  conrmand module. A l -  
though the conunand module e x t e r i o r  was considered t o  be an unl ikely source of p o t e n t i a l  contam- 
ina t ion ,  a concern w a s  t h a t  lunar-surface contaminants would be t ransfer red  from t h e  lunar  mod- 
u l e  t o  the command module e x t e r i o r  during docking. However, this p o s s i b i l i t y  w a s  remote because 
the  docking area of the lunar  module was never i n  d i r e c t  contact  with t h e  lunar  sur face  and was  
subjected t o  s o l a r  rad ia t ion  during the lunar  surface operat ions.  

8.5.2.4 Return t o  the  terrestrial biosphere.- Once the  c m n d  module containing t h e  crew- 
men and lunar  samples entered the  terrestrial environment, c a r e f u l  cont ro l  of p o t e n t i a l  lunar  
contamination was required. Because the  e x t e r i o r  of the  command module w a s  not considered t o  be 
a source of e x t r a t e r r e s t r i a l  contamination, i t  w a s  determined t h a t  landing i n  the  ocean could oc- 
cur  without any spec ia l  precautions aga ins t  contamination. 
environmental cont ro l  system was t o  be deact ivated and a post landing v e n t i l a t i o n  system w a s  t o  
be ac t iva ted .  The system consis ted of a fan  that c i rcu la ted  f r e s h  a i r  from the  outs ide  through 
t h e  command module and forced the  a i r  t o  the  outs ide  through a vent  valve. The system, which 
had been incorporated i n  the  connnand module before the lunar  quarantine requirements had been 
formulated, presented a problem i n  t h a t  p o t e n t i a l l y  contaminated a i r  would be exhausted from 
t h e  command module. 
cause the  measures taken t o  minimize possible  contamination of t h e  connrand module atmosphere, 
and t h e  use of pro tec t ive  garments and b ioresp i ra tors  by t h e  crew were judged t o  be adequate pro- 
t e c t i v e  masures .  

After  landing,  t h e  command module 

The post landing v e n t i l a t i o n  system w a s  m t  modified, however, pr imari ly  be- 

Next, i n  terms of contamination cont ro l ,  the  procedures f o r  removing the  crewmembers, lunar  
samples, and hardware items from t h e  command module and t ranspor t ing  them t o  quarant ine i s o l a t i o n  
in the  Lunar Receiving Laboratory were developed. The crewmembers l e f t  t h e  cormand module before 
i t  w a s  l i f t e d  t o  the  deck of t h e  recovery vesse l .  Swinmers assisted t h e  crewmembers i n  egressing 
the  command module. 
breathing apparatus during i n s t a l l a t i o n  of the  f l o t a t i o n  c o l l a r  on t h e  command module. 
more, the  swinmers sprayed areas of  p o t e n t i a l  contamination, such as the hatch and docking areas, 
with a germicidal s o l u t i o n  t o  decontaminate these areas before  the hatch w a s  opened. The crew- 
members emerged from the command module wearing b io logica l  i s o l a t i o n  garments which e f f e c t i v e l y  

The swimmers were protected from p o t e n t i a l  lunar  contamination by using t h e i r  
Further- 
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prevented the  t r a n s f e r  of microbial contaminants from the  resp i ra tory  t r a c t  and body sur face  t o  
the e x t e r i o r  environment. A f t e r  pickup by he l icopter ,  the  crewmen, s t i l l  wearing the  b io logica l  
i s o l a t i o n  garments and physical ly  i s o l a t e d  from the he l icopter  crewmen, were transported t o  t h e  
recovery vesse l .  
the he l icopter .  Upon a r r i v a l  a t  the primary recovery v e s s e l ,  the  he l icopter  w a s  towed c lose  t o  
a mobile quarantine f a c i l i t y  and the crewmembers and f l i g h t  surgeon walked t o  the f a c i l i t y .  
deck area t raversed by the  crewmembers during the  t r a n s f e r  was decontaminated. 

The f l i g h t  surgeon, who was quarantined with the  crewmembers, was a l s o  on board 

The 

The conmrand module hatch was sea led  a f t e r  egress  of the  crewmen, and the  a r e a  surrounding 
the hatch was decontaminated with a germicide. 
used by the Apollo crewmen were then sunk a t  sea. 
the primary recovery vessel and placed near the mobile quarantine f a c i l i t y .  
tunnel  w a s  then i n s t a l l e d  between the coarmand nodule and the  mobile quarantine f a c i l i t y  t o  allow 
removal of lunar  samples and o ther  data by a recovery technician. 
then sealed,  the  surrounding area  was decontaminated, and the tunnel w a s  drawn i n s i d e  the  mobile 
quarantine f a c i l i t y .  

A l l  decontamination equipment and the  l i f e  r a f t s  
Later, the command module w a s  hois ted aboard 

A f l e x i b l e  p l a s t i c  

The command module hatch w a s  

Because some experiments planned f o r  the lunar  materials were t ime-cr i t ica l ,  t h e  samples 
removed from the  command module were packaged in vacuum-sealed p l a s t i c  bags, s t e r i l i z e d ,  and air- 
locked out of  the  mobile quarantine f a c i l i t y .  
and t r a n s p ~ r t e d  immediately by a i r c r a f t  t o  the Lunar Receiving Laboratory. The crewmembers, t h e  
f l i g h t  surgeon, and the recovery technician remained in the  mobile quarantine f a c i l i t y  u n t i l  the  
primary recovery vessel  reached the nearest  por t .  There, the  mobile quarantine f a c i l i t y  and t h e  
occupants were t ransfer red  t o  a t ranspor t  plane and flown t o  Houston, Texas. 
mobile quarantine f a c i l i t y  w a s  t ransported to  the Lunar Receiving Laboratory. 
performed in the Lunar Receiving Laboratory are described in sec t ion  11. 

The packages were placed in shipping containers  

Upon a r r i v a l ,  the  
The operat ions 

8.6 SPECIAL MEDICAL STUDIES 

Special medical s t u d i e s  conducted i n  support of the  Apollo program included a crew microbi- 
ology program and 8 virology program. 

8.6.1 Microbiology 

The microbiology program was i n s t i t u t e d  Fn response t o  a requirement by the  Interagency Com- 
mit tee  on Back Contamination t h a t  i d e n t i f i e d  a need t o  produce a ca ta log  of micro-organisms car- 
r i e d  t o  the moon by Apollo crewmen. 
recognizing whether a micro-organism, i f  found i n  lunar  mater ia l ,  was of terrestrial o r  extra-  
terrestrial o r i g i n .  

The primary use of the ca ta log  w a s  t o  provide a means of 

The catalog was a lso  used f o r  opera t iona l  medical purposes. 

T h e  re turn  of sterile lunar s o i l  indicated t h a t  the  preventive measures and handling methods 
developed t o  prevent contamination of lunar  s o i l  were successful .  
had been found i n  lunar  s o i l ,  the  ca ta log  would have been extremely usefu l  as support ive evidence 
t o  the laboratory analysis of the contaminant. The micro-organism could possibly have been shown 
t o  possess the  same uorphological and biochemical c h a r a c t e r i s t i c s  as one i d e n t i f i e d  p r i o r  t o  a 
p a r t i c u l a r  mission. 

I f  a terrestrial micro-organism 

The  operat ional  medical ob jec t ives  were the same f o r  each f l i g h t .  The primary objec t ive  w a s  
always t o  de tec t  the  presence of p o t e n t i a l l y  pathogenic micro-organisms on the crewmen so t h a t  
possible  medical problems could be recognized and preventive measures es tab l i shed .  A second ob- 
j e c t i v e  was t o  i d e n t i f y  medically important micro-organisms from crew specimens co l lec ted  as a 
result of i l l n e s s  events  so t h a t  the  f l i g h t  surgeon could use these data t o  a i d  i n  diagnosis and 
treatment of i n f l i g h t  illnesses. A t h i r d  objec t ive  was t o  c o l l e c t  microbial d a t a  which could a i d  
i n  explaining the responses of t h e  crew microbial au tof lora  t o  the  space f l i g h t  environment and 
t h e  r e s u l t a n t  e f f e c t s  on crewmembers. I n  order  to  accomplish the three  s t a t e d  objec t ives ,  a 
v a r i e t y  of specimens were col lec ted .  In  general, e i g h t  body surface swabs as w e l l  as f e c a l ,  
u r ine ,  and gargle  samples -re col lec ted  from each of t h e  crewmmbers. Although the  exact sam- 
pl ing  schedule var ied from f l i g h t  t o  f l i g h t ,  specimens were usual ly  obtained approximately 1 
month p r i o r  t o  launch, 2 weeks p r i o r  t o  launch, the morning of launch day, and immediately upon 
recovery. I n  addi t ion  to the specimens obtained from t h e  crewmen, swab samples were obtained 
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from se lec ted  s i t e s  i n  the comnend module cabin iurnediately p r i o r  t o  launch and a f t e r  recovery. 
Following i d e n t i f i c a t i o n  of a l l  micro-organisms, the  laboratory d a t a  on each i s o l a t e  were s tored  
i n  a computer. 
with da ta  t h a t  might be co l lec ted  from an unknown micro-organism. 
search the ca ta log  u n t i l  an i d e n t i f i c a t i o n  was made of those micro-organisms t h a t  had the  great-  
est number of similar c h a r a c t e r i s t i c s .  
t e r i a l ,  s i g n i f i c a n t  medical data  were produced. Spec i f ic  observat ions are slmrmarized f o r  Apollo 
missions 7 through 12, and 13  through 17. 

A computer program was developed t o  provide a 'batch test" of t h e  s tored  da ta  
The program was designed t o  

Although no micro-organisms were found i n  the lunar  ma- 

8.6.1.1 Apollo 7 through 12.-  Considerable v a r i a t i o n  i n  the  microf lora l  response was ob- 
served. 
tween crewmen during two of  the  s i x  missions. 
the  remaining four missions, an increase was not detected p o s t f l i g h t .  
c e p t i b i l i t y .  ex te rna l  environmental f a c t o r s ,  and ecological  r e l a t i o n s h i p s  between competing 
species  of micro-organisms are undoubtedly responsible  f o r  the  observed response of the  micro- 
f l o r a .  
were a l s o  shown on Apollo 7. 

Staphylococcus muww was shown t o  increase in nmber ,  and t r a n s f e r s  vere ef fec ted  be- 
Although the  micro-organism was  present  on two of  

The var iab les  of host  sus- 

Increase i n  numbers and spread of AspeqiZZus f k g a t t c s  and beta-hemolytic s t rep tococc i  
The increase was not detected on any of t h e  remaining f i v e  missions. 

P r e f l i g h t  and p o s t f l i g h t  microbial ana lys i s  of samples obtained from t h e  conmrand m d u l e  
showed t h a t  a l o s s  of the p r e f l i g h t  micro-organisms occurs during t h e  mission. 
microflora a t  the  sampling sites were replaced by micro-organisms from the  crew microflora. 

The p r e f l i g h t  

8.6.1.2 Apollo 1 3  through 17.- Imnediately upon r e t u r n  from a space f l i g h t ,  species  of 
micro-organisms w e r e  recovered from a p a r t i c u l a r  crewmember t h a t  had not previously demnst ra ted  
the presence of t h i s  species .  T h i s  phenomenon occurred on a l l  f l i g h t s  with several d i f f e r e n t  
spec ies ,  implying t h a t  intercrew t r a n s f e r  of microbes is a regular  occurrence during space f l i g h t .  
Transfer  of micro-organisms between crewmembers and the  conmrand module o r  extravehicular  c lo th ing  
is  even more obvious because the  p r e f l i g h t  microbial loads  of these inanimate objec ts  are q u i t e  
d i f f e r e n t  from the microbial loads of the crewmembers. Occupation of the  conmand module during 
t h e  space f l i g h t  does not general ly  e f f e c t  a s i g n i f i c a n t  change i n  the  n m b e r s  of d i f f e r e n t  con- 
taminating species .  However, there  is  an obvious l o s s  of the o r i g i n a l  contaminants on each s i te  
with a concurrent invasion of  microbes belonging t o  d i f f e r e n t  species .  
a buildup of medically important species  during the  space f l i g h t .  I n  p a r t i c u l a r ,  t h e  buildup of 
Proteus mimbilis on the ur ine c o l l e c t i o n  device has been a recur ren t  problem throughout most of 
the Apollo missions. 
ur ine c o l l e c t i o n  devices presents  a s i g n i f i c a n t  medical hazard. 

In addi t ion ,  there  is  

Close contact  of susceptable p a r t s  of the  body with these contaminated 

8.6.2 Virology 

The virology program conducted i n  support of the  Apollo missions consis ted of character iza-  
t i o n  of the  v i r a l  and mycoplasma f l o r a  of the  crewmembers; v i r a l  serology on crewmembers, crew 
contac ts  and key mission personnel; and an analys is  of specimens obtained as a r e s u l t  of crew 
i l l n e s s e s ,  the mission personnel survei l lance program, and the  f l i g h t  crew h e a l t h  s t a b i l i z a t i o n  
program. 
gram was i n  e f f e c t  during Apollo missions 11 through 14; and t h e  f l i g h t  crew hea l th  s t a b i l i z a -  
t i o n  program was i n  e f f e c t  during Apollo missions 14 through 17. 

Serology s t u d i e s  were i n i t i a t e d  with Apollo 14; t h e  mission personnel surve i l lance  pro- 

The charac te r iza t ion  of the  v i r a l  and mycoplasma f l o r a  was  accomplished by u t i l i z i n g  s t a t e -  
of-the-art procedures and consis ted of  challenging t i s s u e  c u l t u r e s ,  embryonated eggs, suckl ing 
mice, and mycoplasma media with specimens obtained a t  var ious p r e f l i g h t  and p o s t f l i g h t  times. 

8.7 BIOCHARACTERIZATION OF LUNAR MATERIAL 

Imnediately a f t e r  lunar  samples were unpacked, small, yet representa t ive ,  samples were dis-  
t r i b u t e d  t o  b io logica l  test labora tor ies  within the  Lunar Receiving Laboratory where the  samples 
w e r e  assessed t o  insure  that they vere not  b io logica l ly  hazardous, and t o  o therv ise  study t h e  ef- 
f e c t s  of lunar  material on var ious plant  and animal species .  As  mentioned previously, t h e  con- 
tainment aspects  of the quarantine program were discontinued a f t e r  the  Apollo 14 p o s t f l i g h t  eval- 
uat ion.  
and t h e  scope of the t e s t i n g  was f u r t h e r  reduced f o r  t h e  f i n a l  two missions. 

A s  a result, the number of tests was s u b s t a n t i a l l y  reduced f o r  the  Apollo 1 5  s tudies .  
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8.7.1 Microbiology 

Microbiological  tests f o r  v i r u s e s ,  b a c t e r i a ,  and o t h e r  agents  were performed on specimens 
from t h e  crew, on l u n a r  samples, and on var ious  test spec ies  t h a t  had been exposed t o  lunar  ma- 
ter ia l .  
t h e  crew recept ion  area helped t h e  b i o l o g i s t s  i s o l a t e  and i d e n t i f y  member v i r u s e s  represent ing  
e s s e n t i a l l y  a l l  known groups capable of producing a c u t e  i l l n e s s e s  in human populat ions.  
d i t i o n  t o  t h e  hos t  systems used f o r  crew virology,  supernatant  f l u i d s  from l u n a r  s o i l  suspensions 
were t e s t e d  in t i s s u e  c u l t u r e s  of  mannnals, b i r d s ,  and cold-blooded species .  

The hos t  systems used f o r  the  i s o l a t i o n  of v i r u s e s  from crewmembers and contac ts  wi th in  

I n  ad- 

8.7.1.1 Viro logica l  inves t iga t ions . -  The v i r o l o g i c a l  s t u d i e s  conducted on t h e  l u n a r  mate- 
r i a l  obtained during the  Apollo missions cons is ted  primarily of analyses  f o r  r e p l i c a t i n g  agents .  
The materials t e s t e d  and the systems challenged are presented in t a b l e  6-11. 
f l u i d  obtained from cent r i fuging  50 percent weight/volume suspensions of lunar  m a t e r i a l  in ster- 
i l e  media was  used as t h e  inoculum. There was  no evidence o f  r e p l i c a t i n g  agents  in any of  t h e  
systems u t i l i z e d .  

The supernatant  

Addit ional  s t u d i e s  were performed on the  Apollo 1 5  lunar  mater ia l  t o  assess a l t e r a t i o n s  i n  
No s i g n i f i c a n t  d i f fe rences  were observed between terrestrial b a s a l t  (sim- host  s u s c e p t i b i l i t y .  

u la ted  l u n a r  mater ia l )  and actual l u n a r  m a t e r i a l  suspensions.  Colonies grown on agar  conta in ing  
lunar  material were s i m i l a r  t o  those grown on agar  medium alone o r  agar  containing simulated 
lunar  mater ia l .  
s t a b i l i t y  of  po l iovi rus .  
material and the  a c t u a l  lunar  material suspensions.  

Another study was conducted t o  determine the  e f f e c t  of  lunar  m a t e r i a l s  on t h e  
No s i g n i f i c a n t  d i f f e r e n c e s  were de tec ted  between t h e  simulated lunar  

8.7.1.2 Bacter io logica l  and mycological inves t iga t ions . -  Samples from a l l  s i x  l u n a r  explor- 
a t i o n  missions were examined f o r  t h e  presence of b i o l o g i c a l l y  formed elements o r  v i a b l e  organisms. 
No evidence of v i a b l e  organisms was obtained from any o f  these  analyses .  

Following incubat ion of  t h e  lunar  material i n  t h e  c u l t u r e  media complexes, microbial  growth 
dynamics s t u d i e s  were conducted with known test spec ies  t o  eva lua te  t h e  p o s s i b l e  presence of  
t o x i c  f a c t o r s .  Only extracts of  c u l t u r e  media which had been in contac t  with a mixture of l u n a r  
m a t e r i a l  from both Apollo 11 core tubes proved t o  be t o x i c  t o  a l l  spec ies  t e s t e d  ( r e f s .  8-14 and 
8-15). Attempts t o  reproduce this t o x i c  e f f e c t  with ind iv idua l  Apollo 11 core  samples obtained 
a t  o t h e r  p a r t s  of the c o r e  stem and analyzed under somewhat d i f f e r e n t  condi t ions  were unsuccess- 
f u l .  I n  a l l ,  48 d i f f e r e n t  lunar  samples. c o l l e c t e d  t o  a depth of  297 cent imeters  from s i x  d i f -  
f e r e n t  landing sites, were examined. 

8.7.2 Zoology 

Various types of animals and i n v e r t e b r a t e s  vere exposed t o  l u n a r  mater ia l  t o  test f o r  pos- 
Maintenance of germ-free animals under p o s i t i v e  pressure  condi t ions  w a s  s i b l e  harmful e f f e c t s .  

forbidden,  and a s p e c i a l  procedure using a double b i o l o g i c a l  b a r r i e r  was  developed. 
f r e e  mouse w a s  chosen as t h e  prime test subjec t  t o  represent  the  mammalian por t ion  of  t h e  zoolog- 
i c a l  program. 
l u n a r  mater ia l .  These test s u b j e c t s  included marine and freshwater  spec ies  and ranged from pm-  
tozoa t o  the o y s t e r ,  the  shrimp, and var ious  types of  f i s h .  
inver tebra te .  represented by the i n s e c t s .  It w a s  impossible t o  cover a l l  t h e  tax8 in t h i s  enor- 
mous group, but  the t h r e e  major orders  were represented by t h e  German cockroach, t h e  f l y ,  and 
t h e  g r e a t e r  wax  m t h .  The animals were exposed o r a l l y  and by i n h a l a t i o n ,  i n j e c t i o n .  and d i r e c t  
contac t .  

The germ- 

A second category of  t h e  program w a s  t h e  exposure of  var ious  a q u a t i c  spec ies  t o  

A t h i r d  category w a s  the  t e r r e s t r i a l  

Following the  Apollo 11, 12 14, and 1 5  missions,  f i f t e e n  spec ies  o f  animals represent ing  
These tests were complementary t o  t h e  o t h e r  f i v e  phyla were exposed t o  unt rea ted  lunar mater ia l .  

p ro tocols  and were designed t o  d e t e c t  any v i a b l e  o r  r e p l i c a t i n g  agents  capable of  i n f e c t i n g  and 
n u l t i p l y i n g  in animals.  Results of exposure o f  the  var ious  animal spec ies  were uniformly nega- 
t i v e  ( r e f s .  8-16 and 8-17). No v i a b l e  o r  r e p l i c a t i n g  agents ,  o t h e r  than i d e n t i f i a b l e  t e r r e s t r i a l  
micro-organism,  were ever recovered o r  observed in the  test animals. 
and t r a n s i t o r y  i n h i b i t i o n  o r  t o x i c i t y  followed exposure o f  some o f  t h e  animals t o  t h e  l u n a r  ma- 
terial. 

I n  a d d i t i o n ,  on ly  minimal 
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TABLE 8-11.- SYSTEMS CHALLEXGED €11 THE VIROLOGICAL ANaYSES OF LUNAR MATERIAL 
OBTAINED DURING THE APOLLO MISSIONS 

lumber of 
samples 
t e 6 t e d  

3 

Tissue c u l t u r e s  

African green monkey kidney, 
primary human embryonic kidney, 
d ip lo id  humen embryonic lung, 
primary bovine embryonic kidney, 
primary duck embryonic f i b r o b l a s t ,  
rainbow t r o u t  gonadal t i s s u e ,  
PimephoZes promelas, grunt f i n ,  
HaemuZon sciums 

African green monkey kidney, 
primary human embryonic kidney, 
d ip lo id  human embryonic lung, 
heteroploid bovine kidney, hetero-  
ploid porcine kidney. pr inary  duck 
embryonic f i b r o b l a s t ,  rainbow t r o u t  
gonadal t i s s u e ,  S a h o  gairdneri, 
fathead minnow, Pimepholes prome- 
Zas, grunt f i n ,  Haemlon sciuras 

African green monkey kidney, 
primary human embryonic kidney, 
d ip lo id  human embryonic lung, 
heteroploid bovine kidney, hetero- 
ploid porcine kidney, primary duck 
embryonic f i b r o b l a s t ,  rainbow t r o u t  
gonadal t i s s u e ,  S a h  gairdneri, 
fa thead minnow, Pimephozes prome- 
Zas, grunt  f i n ,  HaemuZon sciuras 

African green monkey kidney, 
primary human enbryonic kidney, 
d ip lo id  hllman embryonic lung 

Afr ican green monkey kidney, 
primary human enbryonic kidney, 
d ip lo id  human embryonic lung 

Afr ican green monkey kidney, 
primary human embryonic kidney, 
d ip lo id  human embryonic lung 

Systems challenged 

Embryonat ed  
eggs 

juckling 
mice 

Hycoplasma 
media 

D 
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Following re laxa t ion  of  the containment requirements a f t e r  t h e  Apollo 14 mission, l i fe-span 
s t u d i e s  were i n i t i a t e d  with germ-free mice inoculated with lunar  material. 
react ions were noted and lunar  f i n e  material was observed t o  p e r s i s t  f o r  t h e  l i f e  of the  animal 
(20 months). 
and t h a t ,  while ac t ing  as a low-grade i r r i t a n t ,  i t  has l i t t l e  tendency t o  evoke r e a c t i v e  f i b r o s i s .  
The s igni f icance  of  such a chronic low-level stimulus and the  var ious f a c t o r s  governing the  re- 
ten t ion ,  e l iminat ion,  and turnover of lunar  f i n e  mater ia l  i n  mammalian t i s s u e  are not c l e a r  a t  
t h i s  time. 

Class ica l  inflammatory 

The observat ions suggest the lunar  f i n e  material is r e l a t i v e l y  insoluble  i n  t i s s u e  

8.7.3 Botany 

The botany program emphasized exposure of 33 p lan t  species  t o  lunar  samples f o r  the  detec- 
t i o n  of possible  p lan t  pathogens. 
a lgae and diatoms, t o  germinate sur face-s te r i l i zed  seeds, t o  grow pathogen-free seedl ings,  and 
t o  develop t i s s u e  c u l t u r e s ,  a l l  of  which were exposed t o  lunar  material in various forms. 

S t e r i l e  cabinets  were maintained t o  grow pure c u l t u r e s  of 

The same mater ia l s  and methods were used i n  botanical  inves t iga t ions  following a l l  of  the  
lunar  explorat ion missions, except t h a t  fewer species  were employed i n  the  s t u d i e s  f o r  t h e  l as t  
three missions. Emphasis i n  these lat ter inves t iga t ions  was placed upon c o l l e c t i o n  of  more de- 
, f i n i t i v e  da ta  on changes of pigmentation and cytoplasm densi ty  of lunar  o r  t e r r e s t r i a l l y  t r e a t e d  
c e l l s ,  t i s s u e s ,  and whole p lan ts .  Methods unique t o  these s t u d i e s  are described in references 
8-18 through 8-22. 
animal research t o  the  c u l t u r e  of the  l a r g e  number of p lan t  seedl ings required f o r  the  biochar- 
a c t e r i z a t i o n  program. 
t i v e  rock fragments and surface f i n e s  (Apollo 11, 1 2  and 1 4 ) ,  o r  composites of  sur face  f i n e s  
(Apollo 15, 16 and 17). Descriptions of the  terrestrial cont ro ls  may be found i n  references 8-23. 

Of p o t e n t i a l  i n t e r e s t  was t h e  appl ica t ion  of many p r i n c i p l e s  of germ-free 

Lunar samples used in these s t u d i e s  were e i t h e r  composites of representa- 

Treatment of a l g a l  cu l tures  with lunar  material caused growth i n h i b i t i o n  in dense c e l l u l a r  
Growth prpmo- suspensions and growth s t imulat ion i n  cu l tures  grown on semisolid mineral media. 

t i o n  was evident by marked increase i n  c e l l  densi ty  i n  a reas  adjacent  t o  lunar  p a r t i c l e s .  
ment of a l g a l  c e l l s  by exposing them t o  lunar  material suspended v i a  gent ly  a g i t a t i o n  resu l ted  
i n  cu l tures  having higher r e s p i r a t i o n  rates than untreated cont ro ls .  
of t rea ted  c u l t u r e s  revealed no s i g n i f i c a n t  d i f fe rences  between c e l l s  t r e a t e d  with lunar  mater ia l  
o r  terrestrial material. 

Treat- 

Microscopical examination 

The f e r n ,  Onoclea sensibititis L.,  which w a s  t e s t e d  with each composite lunar  sample, ap- 
peared to  be the  mst s e n s i t i v e  p lan t  f o r  demonstrating t h a t  lunar  material can a c t  as a source 
of n u t r i e n t s  f o r  p lan ts .  
cut  i n t o  mineral agar showed a several-fold increase i n  mass. The r e s u l t i n g  gametophytes were 
a l s o  greener than those t rea ted  with terrestrial b a s a l t s .  
cernuwn L. and irLsrrchantia polyorpha L. ( l iverwort)  exhibi ted similar s t imulat ion.  Within t h e  
t r e a t e d  p lan ts ,  measurements of  chlorophyll-a showed s i g n i f i c a n t l y  higher concentrat ions of t h e  
pigmetit, but not chlorophyll-b o r  carotenoids. 

Clumps of spores germinating on lunar material placed within a w e l l  

Other lower p l a n t s  such as L p o p o d f m  

Seeds germinated in the  presence of lunar mater ia l s  grew vigorously and absorbed s i g n i f i c a n t  
q u a n t i t i e s  of aluminum, chromium, i ron  and titanium ( re f .  8-21) and a v a r i e t y  of o thers  including 
rare e a r t h  elements. I n  addi t ion ,  cabbage and brusse ls  sprouts  absorbed l a r g e  amounts of mangan- 
ese. Let tuce seedl ings general ly  d id  m c h  better in the presence of lunar  material. 

Germ-free p l a n t s  of bean, c i t r u s ,  corn, sorghum, soybean. tobacco and tomato showed no del- 
e t e r i o u s  e f f e c t  when t h e i r  leaves o r  roots  were t r e a t e d  with 0.2 gram of lunar  material per  
specimen. 
i n  the s a n d r a t e r  c u l t u r e  system o r i g i n a l l y  described by Hoagland and Arnon (discussed i n  r e f .  
8-18). Histological  specimens taken from lunar t r e a t e d  p l a n t s  revealed no de le te r ious  e f f e c t s  
of prolonged contact  between lunar  p a r t i c l e s  and l e a f ,  uer is tematic ,  o r  roo t  c e l l s .  

P lan ts  of c i t r u s .  corn and soybean appeared to g r w  cons is ten t ly  b e t t e r  if treated 

Twelve p lan t  t i s s u e  c u l t u r e  systems employed in the  b iocharac te r iza t ion  program ( r e f .  8-20) 
appeared t o  be the mst useful  f o r  studying cel l - lunar  p a r t i c l e  in te rac t ions .  Tobacco cells 
t r e a t e d  v i t h  lunar  material rccumulated approximately 30 percent more chlorophyll-a than un- 
t r e a t e d  onee ( r e f .  8-23). Relative and absolute  concentrat ions of f a t t y  a c i d s  and s t e r o l s  were 
changed by lunar-material treatment ( ref .  8-24). 
s t a t i o n a r y  and suspension-cultures of lunar-mater ia l - t reated tobacco t i s s u e  c u l t u r e s  exhibi ted 

Many c e l l u l a r  d i f fe rences  were noted. Both 
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an increased maturation of chloroplasts, and apparent secretory activity (ref. 8-25). 
cells, on the other hand, exhibited a remarkable increase in tannin accumulation but not fatty 
acids or sterols. 

Pine 
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9.0 SPACECRAIT MANUFACTURING AND TESTING 
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L 
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0 

Complete systems,  subsystems, and i n d i v i d u a l  components f o r  t h e  Apollo s p a c e c r a f t  were fu r -  
nished by numerous subcon t rac to r s .  Subcontracts  were g e n e r a l l y  managed by t h e  prime c o n t r a c t o r s ,  
a l though i n  a number of c a s e s  t h e  government fu rn i shed  hardware d i r e c t l y  t o  t h e  prime c o n t r a c t o r .  
During t h e  manufactur ing p rocess ,  subcon t rac to r s  were requ i r ed  t o  observe t h e  same r i g o r  t h a t  
w a s  imposed by NASA upon t h e  prime c o n t r a c t o r s  w i th  r ega rd  t o  t h e  s e l e c t i o n  o f  m a t e r i a l s ,  main- 
tenance of dimensional t o l e r a n c e s ,  environmental  c o n t r o l ,  and t h e  demonstrat ion of proper  per-  
formance. The m a j o r i t y  of subcon t rac to r s  manufactured and assembled t h e  c o n t r a c t e d  hardware i n  
t h e i r  own f a c i l i t i e s ;  however, numerous o r g a n i z a t i o n s  t h a t  s p e c i a l i z e d  on ly  i n  design and con- 
s t r u c t i o n  r equ i r ed  t h e  services of independent t e s t i n g  and c e r t i f i c a t i o n  o r g a n i z a t i o n s  t o  per- 
form t h e  r equ i r ed  test and checkout func t ions .  I n  all cases, t h e  s u b c o n t r a c t o r s  were respon- 
s i b l e  f o r  t h e  checkout of t h e  hardware t o  be d e l i v e r e d  t o  t h e  prime c o n t r a c t o r s  and t h e  prime 
c o n t r a c t o r s  were r e s p o n s i b l e  f o r  t h e  end-to-end checkout of t h e  s p a c e c r a f t .  

Th i s  s e c t i o n  p r e s e n t s  t h e  sequences of o p e r a t i o n s  t h a t  began w i t h  t h e  assembly o f  space- 
c r a f t  components t o  form t h e  primary v e h i c l e  s t r u c t u r e s  and terminated wi th  f i n a l  i n s p e c t i o n  
b e f o r e  shipment. 
which each s e p a r a t e  component or assembly was produced. Each component o r  assembly w a s  i n spec ted  
and/or  t e s t e d  acco rd ing  t o  a r igo rous  set of q u a l i t y  and r e l i a b i l i t y  requirements  and determined 
t o  be f l i gh twor thy  be fo re  i n s t a l l a t i o n .  The desc r ibed  sequence is r e p r e s e n t a t i v e  of o p e r a t i o n s  
f o r  a t y p i c a l  f l i g h t  s p a c e c r a f t  r a t h e r  t han  f o r  a s p e c i f i c  v e h i c l e .  Mod i f i ca t ions ,  mission re- 
quirements ,  schedule  commitments, hardware a v a i l a b i l i t y ,  pe r sonne l ,  expe r i ence ,  f a c i l i t y  l oad ing ,  
and o t h e r  f a c t o r s  i n f luenced  t h e  sequence of o p e r a t i o n s  t o  an  e x t e n t  t h a t  r equ i r ed  cons t an t  man- 
agement. The i n d i v i d u a l  v e h i c l e  t i m e  l i n e s  used t o  achieve t h e  b a s i c  o b j e c t i v e s  of t h e  manufac- 
t u r i n g  program are r e f l e c t e d  i n  appendix E. 

No at tempt  is  made t o  e s t a b l i s h  t h e  schedules  o r  t o  d e s c r i b e  t h e  p rocesses  by 

9.1 COMMAND AND SERVICE MODULE, LAUNCH ESCAPE SYSTEM 
AND SPACECRA.ET/LUNAR MODULE ADAPTER 

9.1.1 Comand Module Assembly and Checkout 

The command m d u l e  was comprised of t w o  major s t r u c t u r a l  e lements  - t h e  hea t  s h i e l d  s t r u c -  
t u r e  (ou te r )  and t h e  crew compartment s t r u c t u r e  ( inne r ) .  The sequence of assembly of t h e s e  two 
s t r u c t u r e s  and systems i n s t a l l a t i o n  and checkout o p e r a t i o n s  are desc r ibed  i n  t h e  fol lowing para- 
graphs.  

9 .1 .1 .1  Heat s h i e l d  s t r u c t u r e . -  The h e a t  s h i e l d  s t r u c t u r e  c o n s i s t e d  of brazed s t a i n l e s s  
s tee l  honeycomb sandwich pane l s  which were welded i n t o  t h r e e  s e p a r a t e  major assemblies:  t h e  f o r -  
ward compartment h e a t  s h i e l d ,  t h e  crew compartment hea t  s h i e l d  and the  a f t  h e a t  s h i e l d .  F igu re  
9-1 shows t h e  assembly flow of t he  crew compartment h e a t  s h i e l d .  Th i s  is  t y p i c a l  of a l l  t h r e e  
hea t  s h i e l d  assemblies .  

The completed h e a t  s h i e l d  s t r u c t u r a l  assemblies  were d e l i v e r e d  t o  a subcon t rac to r  f o r  ap- 
p l i c a t i o n  of t h e  a b l a t i v e  thermal p r o t e c t i o n  material. The h e a t  s h i e l d s  were r e tu rned  from t h e  
subcon t rac to r  and i n s t a l l e d  on t h e  comnand module during f i n a l  assembly. 

9.1.1.2 Crew compartment s t r u c t u r e . -  The crew compartment s t r u c t u r e  c o n s i s t e d  of bonded 
aluminum honeycomb sandwich c o n s t r u c t i o n  wi th  t h e  i n n e r  s h e l l  ( f aceshee t )  of t h e  sandwich being 
a welded assembly t o  minimize cab in  leakage.  Figure 9-2 shows t h e  assembly flow of t h e  t w o  major 
subassemblies  of t h e  i n n e r  s h e l l .  These subassemblies were welded t o g e t h e r  t o  complete t h e  crew 
compartment p r e s s u r e  vessel assembly. The honeycomb c o r e ,  t h e  o u t e r  f a c e s h e e t s  and s p l i c e  p l a t e s  
were then f i t t e d  t o  t h i s  assembly and bonded i n  place.  T h i s  completed t h e  f a b r i c a t i o n  and assem- 
b l y  of t h e  crew compartment primary s t r u c t u r e  and p res su re  vessel. 

A second major bonding ope ra t ion  w a s  performed t o  i n s t a l l  t h e  v a r i o u s  t ies  and ang le s  re- 
qu i r ed  on bo th  t h e  i n s i d e  and o u t s i d e  f o r  attachment o f  t h e  secondary s t r u c t u r a l  assemblies. 
The main d i s p l a y  conso le ,  equipment support  s t r u c t u r e s ,  cold p l a t e s ,  guidance and c o n t r o l  sys- 
tem support  s t r u c t u r e ,  and i n t e r i o r  equipment bays were i n s t a l l e d .  The crew compartment s t r u c -  
t u r e  w a s  then proof p re s su r i zed  t o  demonstrate  s t r u c t u r a l  i n t e g r i t y .  
t h e  crew compartment s t r u c t u r e ,  component l o c a t i n g ,  machining o p e r a t i o n s ,  f i t t i n g  and trimming 
were c o n t r o l l e d  by master  t o o l s  which assured proper  assembly and f i t  of a l l  components. 

Throughout t h e  assembly o f  
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Figure 9-1 .- Command module crew compartment heat shield assembly flow. 
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On completion o f  t h e  s t r u c t u r a l  assembly, t h e  crew compartment w a s  c l eaned  i n  a tumble-and- 
c l e a n  p o s i t i o n e r  and prepared f o r  systems i n s t a l l a t i o n  a t  an i n s t a l l a t i o n  workstand. Systems 
were t e s t e d  b e f o r e  i n s t a l l a t i o n  i n  t h e  s p a c e c r a f t .  A l l  e l e c t r i c a l  systems, wire h a r n e s s e s ,  and 
r e l a t e d  wi r ing  were then  i n s t a l l e d ,  and a h igh -po ten t i a l  t es t ,  a c o n t i n u i t y  test ,  and c i r c u i t  
ana lyze r  tests were performed. Plumbing w a s  i n s t a l l e d ,  and f lu shed ,  purged and d r i e d .  The as- 
sembly was moved t o  p r e s s u r e  test cel ls  where each f l u i d s  system w a s  sub jec t ed  t o  a complete 
performance and f u n c t i o n a l  tes t  series and v e r i f i e d  i f  o p e r a t i o n a l  and w i t h i n  s p e c i f i e d  l i m i t s .  
Th i s  t es t  series con ta ined  such o p e r a t i o n s  as f low checks,  l e a k  tests, cont ingency and backup 
mode checks,  r e g u l a t o r  o p e r a t i o n  checks,  proof checks,  and in s t rumen ta t ion  ou tpu t  checks.  The 
assembly w a s  then t r a n s f e r r e d  back to  t h e  i n s t a l l a t i o n  workstand f o r  completion o f  systems in -  
s t a l l a t i o n .  

When t h e  electrical  and f l u i d s  systems i n s t a l l a t i o n s  were complete,  t h e  crew compartment 
was connected t o  t h e  service module and launch escape tower by c a b l e s  ( s o f t  mate) f o r  i n d i v i d u a l  
and combined systems tests. Throughout t h i s  pe r iod ,  each system was sub jec t ed  t o  a series of 
c a r e f u l l y  c o n t r o l l e d  f u n c t i o n a l  tests t h a t  demonstrated p rope r  ope ra t ions .  These tests estab-  
l i s h e d  t h e  perfonnance d a t a  b a s e l i n e  t o  support  a l l  downstream tes t  a c t i v i t i e s .  The crew com- 
partment was  then placed i n  a workstand f o r  i n s t a l l a t i o n  o f  t h e  h e a t  s h i e l d ,  a f i t  check of t h e  
boost  p r o t e c t i v e  cover ,  i n s t a l l a t i o n  of pa rachu tes ,  a f i t  check o f  t h e  crew couches,  and f i n a l  
mod i f i ca t ions ,  i f  necessary.  T h i s  o p e r a t i o n  v i r t u a l l y  completed t h e  command module assembly. 

9.1.1.3 F i n a l  operations.:  I n  t h e  f i n a l  phase of command module manufacturing, t h e  v e h i c l e  
was cycled through ano the r  tumble-and-clean o p e r a t i o n  i n  which t h e  v e h i c l e  was r o t a t e d  through 
360" i n  each axis t o  d i s l o d g e  and remove d e b r i s .  
termined, and t h e  v e h i c l e  was sub jec t ed  t o  an i n t e g r a t e d  test (sec.  9 .1 .5) .  The command module 
was subsequent ly  moved t o  t h e  sh ipp ing  area and prepared f o r  shipment. 
couches and crew equipment were removed, packed, and shipped s e p a r a t e l y .  

The weight and c e n t e r  of g r a v i t y  were then de- 

Such items as crew 

9.1.2 Se rv ice  Module Assembly and Checkout 

I n  t h e  service module manufacturing c y c l e ,  maximum use w a s  made of j i g s  and f i x t u r e s  t o  as- 
s u r e  proper  f i t  and c l e a r a n c e  o f  a l l  components and subassemblies  and t o  provide good a c c e s s i b i l -  
i t y  f o r  removing, r e p l a c i n g ,  and in t e rchang ing  components. A gene ra l i zed  flow through t h e  manu- 
f a c t u r i n g  and assembly p rocess  is shown i n  f i g u r e  9-3. 

Three major s t a n d s  were used i n  t h e  assembly flow. The primary s t r u c t u r a l  assembly s t and  
was used t o  assemble s i x  r a d i a l  beams to  f o r e  and a f t  bulkheads.  To t h i s  s t r u c t u r e  were a t t a c h e d  
bonded-aluminum-honeycomb-structure equipment support  she lves  and o t h e r  secondary s t r u c t u r a l  at-  
tachment p rov i s ions  f o r  mounting of w i re  ha rnesses  and tub ing  assemblies .  I n  t h e  next  series of 
ope ra t ions ,  t h e  bonded-aluminum-honeycomb o u t e r  s h e l l  pane l s  and r e a c t i o n  c o n t r o l  system pane l s  
were p r e f i t t e d  and l o c a t e d ,  and t h e  a t t a c h i n g  h o l e s  d r i l l e d .  Holes were then  d r i l l e d  f o r  in-  
s t a l l a t i o n  of t anks  and o t h e r  equipment. 

The s e r v i c e  module was then mounted to  a support  s t and  where command-to-service-module 
f a i r i n g  pane l s  and t h e  a f t  h e a t  s h i e l d  were i n s t a l l e d ,  and p rov i s ions  were made for service pro- 
p u l s i o n  engine i n s t a l l a t i o n .  The weight and c e n t e r  of g r a v i t y  were determined and axis markings 
were completed. 
r o t a t i o n  through 360' in each a x i s  was used to  s e p a r a t e  o r  d i s l o d g e  any d e b r i s  from manufacturing 
ope ra t ions .  

The module was then  cycled through t h e  tumble-and-clean f a c i l i t y  d u r i n g  which 

A f t e r  being cleaned,  t h e  module was i n s t a l l e d  i n  a l a r g e  workstand f o r  systems i n s t a l l a t i o n .  
Components and s y s t e m  i n s t a l l e d  included tubing,  p r o p e l l a n t  s t o r a g e  and d i s t r i b u t i o n  systems, 
t h e  cryogenic  s t o r a g e  system, t h e  s e r v i c e  p ropu l s ion  d r a i n  and v e n t  system, t h e  environmental  
c o n t r o l  system, t h e  helium p r e s s u r a n t  system, t h e  e lectr ical  power system, t h e  main service mod- 
ule electrical  ha rness ,  t e rmina l  boards,  c o a x i a l  c a b l e s ,  and t h e  lower engine bay s t r u c t u r e .  Low- 
p res su re  gross l e a k  tests, f l u s h i n g  and c l ean ing  of f l u i d  l i n e s ,  and automatic  c i r c u i t  ana lyze r  
checks were performed a f t e r  i n s t a l l a t i o n  bu t  be fo re  electrical hookup. 
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